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NEED AND PERCEPTUAL CHANGE IN NEED-RELATED 
OBJECTS! 


J. C. GILCHRIST AND LLOYD S. NESBERG 


University of Wisconsin 


Such recent studies as have dealt 
with the distorting effects of need upon 
the perception of objects relevant to 
that need (1, 2, 3, 5, 6) have been 
difficult to interpret unequivocally as 
some of the investigators cited have 
pointed out. The major difficulties 
have been methodological and are two 
in number. 


1. The investigations cited have used standard 
psychophysical methods in which the standard 
and variable stimuli have differed in dimensions 
other than that in which Ss were to make their 
stimulus matches. This fact leaves open the 
possibility that any effects found may be due 
solely to the psychophysical relationships be- 
tween the two stimuli. In attempting to control 
the above obvious flaw, the use of a range of 
need-related objects having different reward 
value and/or the use of control, non-need-related 
objects has been introduced. Comparisons have 
then been made within the range of need-related 
objects and/or between that range and the con- 
trol set. This technique merely removes the 
difficulty one step from being readily apparent. 
In order to use either or both of these control 
techniques it has still been necessary to make the 
standard stimuli differ in some dimensions other 
than that of need relatedness. If the effects of 
these differences (e.g., those involved in pattern- 
ing of impressed design) were known, they could 
be removed from the result. But it seems fair 
to say that not even the number, much less all 


1 This study was supported in part by funds 
provided by the Research Committee, The Grad- 
uate School, University of Wisconsin. 


the effects, of these factors are known and, there- 
fore, any differences obtained cannot be une- 
quivocally attributed to the need relatedness of 
the objects. 

2. The above statements only apply to the 
reward-value aspect of need relatedness, for if it 
can be shown under two or more conditions of 
need that perception of objects changes as a func- 
tion of that need, then such changes may be 
attributed to need. But here, too, the studies 
under consideration have been somewhat less 
than clear-cut. 

The “economic” need with which 
most investigators have worked has 
been only tenuously inferable. For 
example, to infer that children of low- 
income families need money more than 
do the children of families having a 
relatively high income, means to 
assume that the children of both groups 
have taken over the norms and aspira- 
tions further assumed to be those of 
adult, middle-class American society, 
and that the “poor” children have a 
greater negative attainment discrep- 
ancy between their economic perform- 
ance and aspirations than do the rich 
children, or that they experience what 
discrepancy exists more keenly. If 
one or more of these assumptions is 
unverified, the attributing of positive 
results to need alone is difficult.” 

* That the same general line of argument can 
be applied to studies using swastikas and dollar 
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It was in view of the above criticisms 
that the present experiments were 
undertaken. Clearly in terms of the 
first major criticism of the previous 
experiments, control objects or a dif- 
fering standard and variable cannot 
be used. This situation means, of 
course, that a time difference between 
the presentation of the standard and 
the variable must be used since, if 
they are to differ only in the dimension 
in which the stimulus match is to be 
made, simultaneous presentation of 
identical objects would result in both 
objects being subject to the same dis- 
tortion effects, if any, and, therefore, 
such matches as would be made would 
not differ in their “errors” from those 
found in the classical psychophysical 
experiment. As to the second criti- 
cism, the obvious answer is to make 
use of some motivational component 
generally recognized as inferable in 
terms of a direct measurement of time 
of deprivation, e.g., hunger or thirst. 
The present experiments, then, are 
ones which might best be described as 
attempts to show the effects of need 
upon the short term perceptual recall 
of need-related objects: the effect, 
more specifically, of progressive depri- 
vation upon the illuminance matches 
of projected color pictures of need- 
related objects.’ 


EXPERIMENT I 


Procedure-—The apparatus for the present 
experiment consisted of a 2 X 2-in. slide projec- 
tor (The Three Dimension Co. Vivid Model “D”’) 
with a 300-w. projection lamp modified so that 
the cooling fan unit operated on a separate circuit 


signs with native and refugee Ss has been pointed 
out by Klein, Schlesinger, and Meister (5S). 

3Illuminance matches were chosen as the 
dependent variable rather than the usual size 
matches, since previous work (5, 6) has led the 
present authors tentatively to accept the hypoth- 
esis that young normal adults (who were the Ss in 
the present experiment) have become able to dis- 
sociate size-judging behavior from the value 
aspects of the object being judged. 


from that of the lamp. Into the lamp circuit 
was inserted a General Radio Co. Variac Model 
VIOH arranged to permit the lamp filament 
voltage to be varied from 0-130 v. Actual lamp 
voltage was read from a voltmeter whose charac- 
teristics permitted readings accurate within +.5 
v. The projector was placed on a stand to the 
rear and above S’s chair and focused upon a 
beaded projection screen 12 ft. to the front of 
S’schair. To the right of S, the Variac, screened 
so that it could be reached but not seen by S, was 
placed on a low laboratory table. The E£ stood 
to the right rear of S where he could manipulate 
the slide projector and Variac without being 
observed by S. The stimulus objects were four 
color slides of food objects. They were complex 
pictures of complete or almost complete meals of 
the type usually found in illustrated home- 
makers’ magazines from which they were repro- 
duced. The main food items of the four pictures 
were (a) T-bone steaks, (b) fried chicken, (c) 
hamburgers, and (d) spaghetti. 

During a given session, the procedure was as 
follows: S was seated in the already darkened 
room and told: “This is an experiment in match- 
ing pictures. I will project a picture on the 
screen there (points) and you are to look at it for 
15 sec. At the end of that time, I will turn the 
picture off and then a few seconds later I will 
turn it back on. When it is turned back on, 
however, it will not look the same. Your job is 
to make it look the same as before by turning this 
knob here (has S put hand under the curtain and 
feel the Variac knob). You may turn the knob 
only in one direction on each match. If you go 
past the setting you want, let me know and we 
will start over.” After the instructions, the 
slides were presented in random order twice at 
each of two standard lamp voltages, 60 and 90 
v.,* once in which the match was made from a 
voltage lower than the standard and once from a 
higher voltage. The presentation was made by 
(a) closing the projector aperture by a slide- 


“Since the slides were complex in design as 
well as varying both between and within slides 
as to hue, saturation, and brightness, presenting 
the data in illuminance units would seem to add 
nothing but an unwarranted appearance of ele- 
gance to the results. Our apologies are extended 
to all purists in the field of visual research for our 
use of the term “illuminance” when the measure- 
ments were actually made in terms of lamp vol- 
tage which does not vary rectilinearly with it. 
Without slides the projection system yielded 
illuminance values at the center of the surface of 
the screen of 3.7 ft.-candles at 60 v. and 15.0 ft.- 
candles at 90 v., and, between 60 v. and 120 v., 
illuminance values and lamp voltage do have an 
essentially rectilinear relationship. 
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carrier shutter, (b) setting lamp voltage at the 
standard, (c) opening the shutter for 15 sec., 
(d) closing the shutter for 10 sec. during which 
time the lamp voltage was reset at either plus 
or minus 20 v. of the standard, and (¢) opening 
the shutter until S had completed his match and 
repeating for next presentation until all slides 
had been presented at both standards at both the 
“in” and “out” lamp voltage settings. 

The Ss were 26 University of Wisconsin 
students in an elementary psychology course, all 
of whom volunteered to go 20 hr. without food 
and all liquids except water. Each S was 
assigned at random to one of two groups. The 
first of these groups, to be referred to as the 
hungry group, went through one matching session 
right after their noon meal, one session right 
after the time they usually would have eaten the 
evening meal that same day and a final session 
right after the time they usually would have 
eaten breakfast the next morning. They were 
thus 0, 6, and 20 hr. food deprived at the three 
sessions, respectively. The second group, the 
satiated group, followed the same routine except 
that they ate each of the two meals missed by 
the hungry group. 


Results —The experimental design 
permitted an analysis of variance with 
the following main effects: slides, ses- 
sions, hunger, illuminance of standard 
(included only so that possible inter- 
actions with the other variables could 
be evaluated) and Ss within hunger 
groups. Since neither slides nor any 
of the interactions of slides or illum- 
inance proved significant, these were 
combined to yield the breakdown given 
in Table 1. The p values for the 
reported analysis are of the same mag- 
nitude as were found in the longer 
analysis. 


TABLE 1 


ANALysis OF VARIANCE: Experiment I 











| 
Source df ea. F p 

Hunger groups 1 | 5703.7 | 1.82* 
Sessions 2 | 2092.4 | 4.23 | <.05 
Ss within hunger 24 | 3140.5 | 6.35 | <.001 

groups 
Hunger groups 2 | 3081.7 | 6.23 | <.01 

X sessions 
Residual 48 | 494.7 

















* Tested by Ss within hunger groups. 
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HOURS FROM START OF EXPERIMENT 


Fic. 1. Mean lamp voltage matches of the 
hungry and satiated groups as a function of time 
from the start of Exp. I 


The point at issue in the experiment 
is, of course, the interaction between 
hunger groups and sessions. Table 1 
shows the interaction to be significant 
and Fig. 1 is a plot of the mean lamp 
voltage of the two groups at each of 
the three sessions. An accurate mean 
match would have occurred with mean 
lamp voltage settings of 75 v. 

Discussion.—It is readily seen from 
Fig. 1 that the progressively hungrier 
Ss show a directly increasing positive 
time error while the satiated Ss show a 
positive time error which remains 
fairly stable throughout the three ses- 
sions. Although the data are as yet 
too meager to make any definite com- 
mitments, they seem to warrant sug- 
gesting that the motivational effects 
of need of S and goal relatedness of 
the stimuli being judged as well as 
background and anchoring stimuli 
must be taken into account in the 
formulation of such concepts as 
Helson’s adaptation level (4). There 
remain, however, issues which must be 
settled before that step can be taken 
or even before the issues of need rela- 
tedness of the stimulus can be settled: 
(a) The experiment dealt with hunger 
and illuminance matches of food ob- 
jects, but there is no guarantee in the 
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data that the effects found are not a 
general visual function rather than 
being confined to food objects. (b) The 
motivational effect found may be a 
purely local one, restricted completely 
to hunger. Because of these diffi- 
culties of interpretation, the other ex- 
periments reported below were under- 
taken. 


ExperRIMEntT II 


This experiment was designed to 
test the generality of the effects found 
in Exp. I: It is an attempt to demon- 
strate the same phenomena using 
thirst and thirst-related objects. 


Procedure—The apparatus for this experi- 
ment is the same as that used in Exp. I except 
for the projection slides. The slides in this case 
were three glass-bound Kodachrome slides, each 
photographed with the same dark-blue back- 
ground. In each photograph was a pitcher and 
glass as the only objects. One of the pitcher and 
glass sets contained ice water, another orange 
juice, and the third milk. 

During a given matching session, the proce- 
dure duplicated that of Exp. I except that stand- 
ard lamp voltages here were 60 v. and 100 v. 

The Ss were 48 students in the beginning 
courses in psychology or in sociology at the 
University of Wisconsin. All Ss had had less 
than one full semester of psychology and all 
volunteered to go at least 8 hr. without food or 
liquids of any kind. Each S had four experi- 
mental sessions separated by 2} hr. +} hr. 
Each S had, therefore, sessions at 0, 24, 5, and 
7} hr. after the start of the experiment and each 
session required approximately }hr. There were 
four groups of randomly assigned Ss. Groups I 
and II were allowed to eat and drink normally 
and before each session obtained a drink of water 
at a bubbler outside the laboratory. The differ- 
ence which existed in their treatment was that 
for Group I: the same pitchers and glasses filled 
with the same liquids as appeared in the slides 
were on the table to their left, while for Group II 
the pitchers, etc. were absent. Groups III and 
IV were the counterparts of I and II respectively 
except for the fact that they did not eat or drink 
after the beginning of the first session. There 
was, therefore, Group I, which was satiated with 
goal objects present; Group II, satiated with 
goal objects absent; Group III, progressively 
thirstier with goal objects present; and Group IV, 
progressively thirstier with goal objects absent. 
Groups III and IV were given, at the end of the 


fourth session, as much ice water, orange juice, 
and/or milk, as they wished to drink and then, 
without any forewarning, were immediately 
asked if they would again be seated for a fifth 
matching session. 


Results—Separate analyses of vari- 
ance were run to test the effects of the 
presence of the pitchers, etc., on the 
table to S’s left. Since this goal-object 
presence proved to have no effects,® 
Groups I and II and Groups III and 
IV were combined to provide two 
groups whose only difference as groups 
lay in the degree of deprivation through 
the four matching sessions they had in 
common. Illumination levels of the 
standard and the separate slides were 
also combined to produce an analysis 
of variance, the results of which are 
given in Table 2. 











TABLE 2 
ANALysis OF VARIANCE: Experiment II 
Source af _. F ? 
Thirst groups 1 38 | —* 
Sessions 3 | 34.36 | 42.95 |}<.001 
Ss within thirst 46 | 8.11 | 10.14|<.001 
groups 
Thirst groups 3 | 55.89 | 69.86 |<.001 
X sessions 
Residual 138 80 

















* Tested by Ss within thirst groups. 


The point to be considered is the sig- 
nificant interactions between thirst 
groups and sessions. Figure 2 is a 
plot of the mean illumination matches 
of the sessions of the groups. p<.001 
for the difference between the means 
of the fourth and fifth (after drinking) 
sessions of the thirsty Ss* while 


5 The only reason for including this variable 
in the experiment at all was a methodological 
one. It was necessary to know its effect, if any, 
before designing an experiment planned for a 
later date. 

6 All Ss drank at least 8 oz. of one of the three 
liquids. The median amount consumed was 16 
oz. and the most frequently chosen liquid was 
orange juice. Only three Ss chose milk. 
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thirsty and satiated groups as a function of time 
from the start of Exp. II 


.10>p>.05 for the difference in the 
means of their first and fifth sessions. 

Discussion.—As in the previous ex- 
periment, increasing need gave rise to 
an increasingly positive time error in 
the illuminance matches of need- 
related objects.’ The fact that this 
effect occurred with a different need 
constellation and different need-related 
objects would appear to support the 
more general statement of the effect 
than the previous findings would per- 
mit. It might be argued, however, 
that since Ss were also hungry as well 
as thirsty in the present experiment, 
it is nothing more than a repetition of 
the previous one with the only change 
being the kind of need objects present. 
The argument has its cogent aspects, 
but it is believed that the effects found 
herein are primarily attributable to 
thirst: first, the total amount of change 
found in 8 hr. in the present experi- 
ment with hunger and thirst is greater 
than that previously found in 20 hr. 
with hunger alone; second, most of the 

7™That the progressively thirstier Ss started 
far below the satiated Ss and then increased their 
matches but never as far above as they were 
below, should not disturb this interpretation 
when it is remembered that the between-group 


effects are independent and the between-sessions 
effects correlated. 
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effect disappeared immediately after 
Ss drank and since 21 of them drank 
only ice water or orange juice, they 
were probably still hungry. 

Although the correctness of the gen- 
eral statement “Increasing need gives 
rise to increasingly positive time errors 
in the illuminance matches of objects 
relevant to that need”’ now seems more 
probable, a major difficulty remains. 
The necessity of the goal objects being 
relevant is not established. Clearly, 
the effect does occur when matches are 
made of goal objects relevant to the 
need, but does it also occur when the 
objects to be matched are not relevant? 


Experiment III 


One aspect of the question just 
posed relates to whether or not any 
objects (figures or shapes) are neces- 
sary for the effect to occur. That is 
to say, is the effect a general visual 
function occurring regardless of the 
structure of the stimulus field? The 
simplest case by which this question 
may be approached is that of homoge- 
neous stimulus areas. The present 
experiment, then, compares the effect 
of deprivation upon colored, homoge- 
neous stimulus areas and stimulus 
areas containing need-related objects. 


Procedure——The apparatus for this experi- 
ment is the same as that used in Exp. II except 
for the addition of six slides. These slides pre- 
sented Ss with homogeneous color fields of red, 
orange, yellow, green, blue-green, and blue hav- 
ing the same area as that given by the need- 
related slides. 

During a given matching session, the proce- 
dure here duplicated that of the previous experi- 
ments except that only one standard lamp voltage 
was used: 80 v. 

The Ss were 48 students having normal color 
vision in the beginning course in psychology at 
the University of Wisconsin all of whom volun- 
teered to go 8 hr. without food or liquids of any 
kind. Each S underwent four experimental ses- 
sions the first three of which were separated by 
4 hr.+}4 hr. The fourth session followed the 
third by about 5 min. in which interval each S 
drank at least 8 oz. of ice water. There were 
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TABLE 3 


ANALYsIs OF VARIANCE FoR Groups I anp III: 
ExperimEnNT III 











Source df ——. F p 

Thirst groups 1 | 18.71 | 1.04* 
Sessions 2) 9.95 | 2.99 
Ss within thirst 22 | 18.04 | 5.42 |<.001 

groups 
Thirst groups 2| 246) — 

X sessions 
Residual 44| 3.33 

















* Tested by Ss within thirst groups. 


four groups of randomly assigned Ss. Groups I 
and II were allowed to eat and drink normally 
and before each session obtained a drink of water 
at a bubbler outside the laboratory. The differ- 
ence in their treatment was that Group I matched 
only the six homogeneous color slides and Group 
II matched the three need-related slides and 
three of the homogeneous color slides, the orange, 
green, and blue. Groups III and IV were the 
counterparts of I and II respectively except for 
the fact that neither ate nor drank from the first 
to third sessions.® 


Results —The main comparisons to 
be made are for the first three sessions 
of Groups I and III and Groups II and 
IV. The results for Groups I and III 
are given in Table 3 where it will be 


8 The reason for the different slide treatments 
lay in the fact that we did not know what the 
effects of mixing kinds of slides within a group 
might be. 
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noted that, for all slides combined, 
only Ss within thirst groups proved 
significant, and the term of major im- 
portance to this investigation, Thirst 
groups X Sessions, is not significant. 
Similar results for Groups II and IV 
are presented in Table 4 where kinds 
of slides (color versus need-related) is 
an added main effect. It will be 
noted that the effect with which this 
study is concerned, the interaction of 
Thirst groups X Sessions X Kind of 
slide is significant at the .1% level of 
confidence. In order to locate the 
source of the significance of this term, 
analyses of variance were performed 
for each group separately. In the 
analysis of Group II, only individual 
differences terms proved significant. 
For Group IV, however, those terms 
plus the Sessions X Kind of slide inter- 
action were significant with the latter 
being associated with a p<.001. From 
these results, it is clear that the signifi- 
cant effect was due to the progressively 
thirstier group (IV) acting differently 
on the two kinds of slides. Figure 3 
is a plot of that group’s mean matches 
of the two kinds of slides by sessions. 

The remaining results to be pre- 
sented are those of the differences 
between the third and fourth sessions. 
These are given in Table 5. 











TABLE 4 
ANALysis OF VARIANCE FoR Groups II anv IV: Expertment III 
Source df Mean Square F p 

Thirst groups 1 77 — 
Sessions 2 11.86 3.10** 
Kind of slide 1 90.73 4.30*** <.05 
Ss within thirst groups 22 37.58 mau <.001 
Thirst groups X sessions 2 1.36 — 
Thirst groups X kind of slide 1 10.83 —_*** 
Sessions X kind of slide 2 4.28 2.52 
Sessions X Ss within thirst groups 44 3.83 2.25 <.01 
Kind of slide X Ss within thirst groups 22 21.11 12.42 <.001 
Thirst groups X sessions X kind of slide 2 27.46 16.16 1 
Residual 44 1.70 

















* Tested by Ss within thirst groups. 
** Tested by sessions X Ss within thirst groups. 
*** Tested by kind of slide X Ss within thirst groups. 
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Discussion—It is clear from the 
above data that the effects under in- 
vestigation are not a general visual 
function: that some degree of need 
relatedness must obtain in the to-be- 
matched stimuli before the increas- 
ingly positive time error as a function 
of deprivation is found. It is clear, 
that is, unless an argument be ad- 
vanced to the effect that such change 
may be found in the presence of any 
articulated stimulus but not with a 
homogeneous field. 


TABLE 5 


Mean DIFFERENCES BETWEEN THE BEFORE 
AnD Arter Drinxinc SEssIONs: 
Experiment III 











Mean 
Group Diff. t p 
(Volts)* 
I +0.21 |0.28| >.10 
III —1.18 | 2.04) >.05 
II 
Need-related slides —2.06 | 5.02} <.001 
, Color slides +0.91 | 1.66} >.10 
Vv 
Need-related slides | —0.09 |0.22| >.10 
Color slides —1.15 | 1.98} >.05 














*A plus sign means that the fourth session match 
was higher than that of the third; a minus sign that it 
was lower. 


EXPERIMENT IV 


Any final answer to the argument 
that the results reported so far in this 
investigation are due to articulation 
of the stimulus field rather than need 
is, in our present state of knowledge, 
impossible. No matter which set of 
articulated non-need-related objects 
were chosen as control objects, it could 
always be argued that any differential 
effects obtained between them and the 
need-related objects were due to the 
particular form qualities of the two 
sets of objects. Nevertheless, by the 
use of control stimuli involving forms, 
it is possible to require that possible 
proponents of such a position specify 
the conditions under which the hy- 
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Fic. 3. Mean lamp voltage matches of need- 
and non-need-related slides by a progressively 
thirstier group (Group II) as a function of time 
from the start of Exp. III 


pothesis may be tested. Such is the 
purpose of the present experiment. 


Procedure.—In view of the results of Exp. III, 
it was decided that only one group of Ss who 
neither ate nor drank for 8 hr. and who matched 
both sets of slides was required. Thus the treat- 
ment of Ss in the present experiment is analogous 
to that of Group III of the Exp. III except that 
the control slides were color landscape slides of 
(a) a range of mountains, (>) a grove of trees in 
autumn, and (c) a park lawn and shrubs. 

The Ss were 12 students in the beginning 
course in psychology at the University of Wis- 
consin all of whom volunteered to go 8 hr. with- 
out food or liquids of any kind. 


Results—The main results of the 
experiment are presented in Table 6 
and Fig. 4. It will be noted there 


TABLE 6 


ANALYsIS OF VARIANCE FOR THE First THREE 
Sessions or Experiment IV 











Source af =. F p 

Sessions 2|33.30| —* 
Kinds of slides 1 | 40.05 1.16* 
Ss 11 | 31.42 9.64 |<.001 
Sessions X kinds of 

slides 2 | 34.66 | 10.62 |<.001 
Sessions X Ss 22) 3.85 1.18 
Kinds of slides X Ss} 11 | 2.05 — 
Residual 22 | 3.26 

















* Tested by sessions X kinds of slides. 
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Fic. 4. Mean lamp voltage matches of need- 
and non-need-related slides by progressively 
thirstier Ss as a function of time from the start 


of Exp. IV 


that the Sessions X Kind of slide inter- 
action is significant (p<.001) and that 
the curve forms are essentially the 
same as that for Group III of Exp. III. 
The ¢ values associated with the 
changes between the third and fourth 
sessions are (a) for need-related slides 
significant at the .1% level of confi- 
dence, and (b) for non-need-related 
not significant (p>.05). 

Discussion.—On the basis of these 
results, it would appear that it is not 
just any articulation of the stimulus 
field which produces increasingly posi- 
tive time errors with increasing need. 
And that, if an articulation position is 
to be advanced to explain these results, 
it must be on more specific, testable 
grounds than “articulation” alone. 
Taken together with the previous 
three experiments, the present find- 
ings must be interpreted as favoring 
the position that the effect of need 
upon the time error is restricted to 
need-related objects. 


Statements as to time error and 
need relatedness, however, require two 
more lines of investigation before they 
may be made with impunity. These 
are (a) a systematic study of the 
development of such time error effects, 
and (bd) an inquiry into the effects of 
wider degrees of need relatedness. 


SUMMARY AND CONCLUSIONS 


A series of experiments were per- 
formed in the area of need and per- 
ceptual change in need-related objects. 
Specifically, the effects of hunger and 
thirst upon the illuminance matches 
of projected pictures of food- 
related and liquid-related objects were 
investigated. 

The statement “Increasing need 
gives rise to an increasingly positive 
time error in the illuminance matches 
of objects relevant to that need” is 
supported by the evidence presented. 


(Received June 16, 1952) 
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THE STIMULUS TRACE IN EFFECTORS AND ITS 
RELATION TO JUDGMENT RESPONSES 


R. C. DAVIS 
Indiana University 


This experiment was planned to 
find, by recording action potentials, 
whether there is an excitation in the 
skeletal muscles corresponding to the 
“stimulus trace”; and, if there is, what 
its determining factors are; then to dis- 
cover what relation it has to judgment 
responses given during its existence. 

“Stimulus trace” is ordinarily an 
inference made to explain data from 
conditioned response and successive 
comparison experiments; but the 
meaning in this report is simply “some 
process aroused by a stimulus and 
lasting a few seconds after it.” Such 
a process will be of special interest 
when it is not the accompaniment of 
any overt movement. 

Stimulus-trace theories generally 
postulate a process which is initiated 
by the stimulus and follows a regular 
fixed course of arousal and decline. 
With some reason to believe that mus- 
cular action will show an excitation 
concurrent with an auditory stimulus 
(3, 4, 5), a question in the present 
experiment was whether such stimulus 
effects might vary with the situation 
instead of maintaining the same tem- 
poral pattern. The stimulus trace, as 
a hypothetical construct, is supposed 
also to have certain relations to an en- 
suing response. The independent de- 
termination of a trace should make pos- 
sible the exploration of this relation. 

The general situation used in this 
experiment was the familiar one in 
which S is required to judge the inten- 
sity of auditory stimuli given suc- 
cessively in pairs. Certain particular 
features, the intrapair interval, the 
duration of the first member of the 
pair and the instructions to S, were 


varied so that the muscular excitation 
produced by the first stimulus in each 
pair could be observed under different 
conditions, and so that, as classic 
results suggest, the proportions of 
judgments would vary. 


Three previous experiments are especially 
pertinent to the first problem: the independent 
measurement of the stimulus trace. Peak (14) 
compared the “time error” (the basis of trace 
theory) in judgments with that in eyelid reflex 
responses to the same stimuli. She found a good 
deal of correspondence. A period of inhibition 
of the eyewink caused by prior response corre- 
sponds to a period of negative time error, and 
the two vary together with a number of other 
determining factors. Peak concluded that both 
depend on the same basic excitation process to a 
large extent. In her studies, there is the closest 
approach to a physiological measurement of the 
theoretical trace. 

Two studies have used muscular action poten- 
tials at the site of stimulation in the study of the 
trace effects in the lifting of weights. Freeman 
and Sharp (6), with electrodes attached to the 
muscle doing most of the work, recorded the 
development and decay of activity produced by 
the lift. They found the decay was cyclic, cor- 
responding generally to the expected course of 
the time error when judgments of weight pairs 
are taken. Payne and Davis (13) used a fixed 
interval between the members of a weight pair 
and explored the relation between the judgments 
and the level of potential in the active arm. 

A number of studies using no physiological 
measure show a relation between the judgments 
of the second stimulus and the interval between 
the two stimuli (variation in the “time error’). 
Postman’s (15) study, with very careful tech- 
niques, confirms the time-error relationship. 
Harris (7), whose data show the same general 
trend, points out the variability in them, a vari- 
ability which means there must be undiscovered 
factors in the relation. Later Postman and Page 
(16) found much resemblance between time-error 
and retroactive-inhibition effects. Early in the 
study of time-error phenomenon Kohler (10) 
theorized that the first stimulus aroused a cor- 
tical excitation which leaves behind it a “trace” 
first rising, then falling as time passes. The dif- 
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Fic. 1. Section of record showing action po- 
tentials integrated over .l-sec. intervals. Re- 
sponse lines are, from top to bottom: right arm, 
left arm, right masseter, left masseter. Stimuli 
are indicated by interruption in the signal lines 
and S’s key press by the deflection of the signal 
line seen in upper right. 


ference between the second excitation and the 
remains of the first, he conceived, is the immedi- 
ate basis of judgment. In any case, in planning 
the present experiment it seemed that one could 
count on getting a systematic variation in the 
per cent of stronger and weaker judgments by 
injecting the second stimulus at various intervals 
after the first, and possibly by varying other 
conditions. Muscular excitations, recorded by 
means of action potentials, could then be com- 
pared with these. 


In the present experiment, the plan 
was to secure a record of excitation 
from the site of the response during 
the stimulus sequence. Accordingly, 
Ss were required to respond by key 
pressing with the right or left hand to 
signal stronger and weaker comparison 
stimuli. Electrodes were placed so as 
to record the activity level of muscles 
largely concerned in the key-pressing 
responses, a separate recording system 
being used for each arm. Two more 
recording systems were used to record 
the activity of the right and left mas- 
seters to give a suggestion of what 
might be going on in other segments of 
the musculature. 


APPARATUS 


The apparatus used for recording consisted of 
four channels of high-gain amplification. Signals 
from these were rectified and integrated elec- 
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tronically (2). At the end of each .1 second the 
integrators were reset to zero by a special elec- 
tronic circuit. The result was a series of saw- 
tooth waves, the height of each representing the 
sum of the action potentials during .1 sec. These 
were recorded, after suitable power amplification, 
with a mechanical oscillograph (Electro-Medical 
Laboratories) using “Teledeltos” paper (see 
Fig. 1). In recording, the over-all gain was 
adjusted according to requirements for each S, 
and the amount of gain was ascertained by mak- 
ing records of a known input voltage during each 
sitting so that the reading could be converted to 
microvolts. 

Stimuli used were 1000-cycle tones; their dura- 
tion and intrapair interval was controlled by an 
electronic device containing a number of “flip- 
flop” circuits, following the design described by 
Roush (17) but arranged to deliver only one 
sequence at a time upon the closure of a manual 
switch. The presence of the stimuli was sig- 
nalled on the record by having this timer also 
turn off the writing voltage on one of the oscillo- 
graph styli when a tone was being delivered. 
When S gave his judgment by pressing one or 
another of a pair of keys, this was indicated on 
the record by a deflection of one or the other of 
these signal marking styli (Fig. 1). 


PROCEDURE 


Active electrodes consisting of 5-mm. metal 
dishes were attached to the dorsal surface of each 
forearm 2 in. below the elbow where the move- 
ment of the extensor digitalis can be palpated 
(certain exceptions to this will be noted). The 
reference electrodes for these were saline-soaked 
felt pads located on the upper arm. An active 
electrode was attached over the crest of each 
masseter, and a common reference electrode for 
these was a clip attached to the left earlobe. The 
S was told that pairs of tones would be delivered 
from time to time, and that he was to lie on his 
back as relaxed as possible on the cot with the 
forefinger of each hand resting lightly on one of 
the two keys that lay beside him. He was then 
given instructions specific to the particular ex- 
periment. Leads were attached, and S was left 
alone in his separate room with the understand- 
ing that he would be given about 5 min. to rest 
before the stimuli began. During this time £ 
watched the oscilloscopes, and if they indicated 
an unusually high level of activity in some loca- 
tion, he made specific suggestions for further 
relaxation. 

All tones delivered may be considered as equal 
in intensity. Half of the time, in irregular 
sequence, the intensity of the second tone of each 
pair was a fraction of a decibel less than the 
first, but this difference was so small it produced 
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no detectable effect on the judgments made by 
Ss nor on their action potentials. Pairs of 
stimuli were delivered at approximately 1-min. 
intervals, with each S getting 16 pairs. 

The Ss were students from elementary classes 
in psychology. The particulars of each pro- 
cedure are as follows: 

Condition 1: Key pressing without intensity 
discrimination—The 16 Ss were instructed 
simply to press a designated key at the conclu- 
sion of each stimulus pair. Half of them were 
told to press always with the preferred hand. 
All stimuli were of 2-sec. duration and the inter- 
val between the members of a pair was always 
5 sec. 

Condition 2: Intensity judgments following 
various intrapair intervals—The Ss were in- 
structed to press one key if the second tone was 
stronger than the first, the other if it was weaker, 
and to guess if uncertain. For half the Ss the 
preferred hand meant stronger, for half it meant 
weaker. This condition was run first with 16 Ss, 
and then 16 more were run at a later date with 
the difference that the forearm electrodes were 
placed slightly toward the inside of the arm 
rather than on the dorsal surface, producing a 
level of action potential definitely lower. The 
data, however, will be treated together. (In the 
analysis of variance, this change of location was 
treated as an additional variable and its effects 
re..oved from the error term with the loss of a 
degree of freedom. Comparisons between the 
absolute levels for the different conditions were 
not an issue in the experiment.) Stimuli were 
2 sec. in duration. The intervals between the 
members of a pair were .1, 1.0, 3, or 5 sec. and 
were used in irregular but counterbalanced order 
in four different sequences for different Ss. For 
the group, each appeared an equal number of 
times in each serial position. 

Condition 3: Intensity judgment following a 
constant intrapair interval—Instructions were 
the same as for Cond. 2, but all intervals between 
the members of pairs were 5 sec. The electrodes 
were always on the inside of the forearm. Eight 
Ss were used. 

Condition 4: Intensity judgment with constant 
intrapair interoal and short first stimulus.—The 
procedure was like that for Cond. 3 except that 
the first stimulus of each pair lasted for 1 sec. 
Eight Ss were used, with records from the arms 
only, 

Measurement and transformation of data.—It 
Was necessary to use a sampling procedure in 
measuring records. Each run was divided into 
seconds, the onset of the first stimulus being 
taken as the origin. Then in each second the 
largest peak was measured by use of scales 
marked in microvolts. About 35,000 measure- 
ments were made. 


Previous studies (1, 3) had indicated that: (a) 
muscular responses to auditory stimuli are 
roughly proportional to the base level of mus- 
cular activity, at least under certain conditions, 
and (0) the distribution of the responses is quite 
skewed. A confirmation of this skewness was 
found in the present data by tabulating a number 
of distributions of readings from corresponding 
times in different Ss. It seemed wise, therefore, 
to apply some transformation to the data. A 
logarithmic rather than a percentage transforma- 
tion was used since it provided a basis of com- 
parison for initial levels as well as for changes. 
Each reading was, therefore, converted to a figure 
equal to its common log X 100 before any aver- 
aging or other statistical treatment was begun. 
The resulting distributions sezmed by inspection 
to approximate the normal. 

Analysis for stimulus-trace effects —The im- 
portant data of this experiment are the action- 
potential trends while the two stimuli of a pair 
are being presented and in the interval between 
them. Differences in these trends will reveal 
the effects of the several experimental conditione. 

The first step in the analysis was to computs 
the mean reading for each second in the various 
groups and subgroups. The chance error of 
these measures was then determined by a series 
of analyses of variance. It was known from the 
graphic plots that beginning with the onset of 
the second tone the mean activity level rose to a 
much higher order in all groups. It seemed wise, 
therefore, to confine the analyses of variance to 
the readings before the onset of the second 
stimulus. As the graphic study (see Fig. 2) had 
already shown quite different trends in arm and 
jaw muscles, two separate analyses were made 
for each situation. A table was constructed in 
which each cell represented the mean reading 
for an S at a particular time and in a particular 
location; i.e., preferred or nonpreferred side and 
with a particular interval. 

For Cond. 2 each cell was based on four read- 
ings; for the other conditions each was based on 
16 readings. Besides individuals, the variables 
involved in each of these tables are time, elec- 
trode location, treatment (which hand was desig- 
nated to perform a given role), and for Cond. 2, 
interval length. Since the problem was to eval- 
uate the variances arising from time (i.e., the 
trends appearing in the graphs) the error vari- 
ances used were the sum of all the interactions 
involving the time variable. (Certain of these 
time interactions might have been removed from 
the error variance; but were left in, giving per- 
haps somewhat greater generality.) Since the 
same individuals, locations, and treatments 
appear in the readings at each time, their system- 
atic effects and interactions are of no concern 
for the evaluation of the differences between the 








TABLE 1 


Tests FOR VARIATION OF ACTION 
PoTENTIALS WITH TIME 























Source F df pb | om* 
Cond. 1 
Responding arm 2.54 ae 05 | 1.5 
Nonresponding arm | 1.96 ae 1.5 
Masseters 2.64 3 O51. 13 
Cond. 2 , 
Arms 12.5 Tosr 01 * 
2 
" 1.7 
Masseters 13.9 joa1 01 ‘ 
9 
1.3 
Cond. 3 
Arms 8.7 a Ol | 1.4 
Masseters 1.2 a 9 
Cond. 4 
Arms 25.8 5 01 | 1.0 

















* Standard error of the mean for a given second. 
** Respectively for Seconds 1-2, 3-4-5, 6-7, and 8. 


time means. The F ratios and the standard 
errors of the time means resulting from these 
analyses are shown in Table 1. For Cond. 1, 
the time trends are evaluated separately for the 
responding and nonresponding arm, the variance 
between them and their time interactions having 
been removed from the error variance. 


REsuLTs AND Discussion 
Stimulus Trace Effects 


The trends of the action potentials 
for the four conditions are shown in 
Fig. 2 in its several parts. 

Trends associated with the second 
stimulus.—In all the curves there are 
large changes during and after the 
second stimulus. Where there is a 
choice reaction (Cond. 2, 3, and 4), 
there is an increase beginning with this 
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stimulus and continuing evidently to 
the key pressing, which occurred at 
some time after the end of the graph. 
The arm used in pressing the key is 
compared with the arm not pressing 
in Table 2. There is an increase in 
both arms during and after the second 
stimulus. The jaw muscles act in 
similar fashion, though on a smaller 
scale. In contrast, where there is no 
choice reaction (Cond. 1), there is a 
difference in what happens in the two 
arms; while tension in the one is rising 
swiftly to an overt level, the tension 
of the other is falling. Here at least 
there is reciprocal action between 
these two muscle groups (extensors in 
the left and right arms), and the jaw 
muscles likewise become less tense as 
the active arm tension mounts. These 
trends are quite obvious, but some 
idea of their stability can be had from 
the variance analyses presented in 
Table 1. They would still be signifi- 
cant if the standard error of the means 
should increase by a large factor. 

In the simple reaction situation: a 
clear dominance of response in one 
muscle group appears by the end of 
the second stimulus; in the choice situ- 
ation the response is spread through 
all muscle groups measured. 

Effects associated with the first stim- 


TABLE 2 


Comparison or Action PoTeNTIAL INCREASE 
in Arm Usep 1n Key PRESSING AND 
Arm Not Usep 














First Stimulus* Second Stimulus* 
Condition 

Arm Arm Arm Arm 

Used Not Used Used Not Used 
1 5.8 |—1.2 30.3 — 10.0 
2 5.0 4.5 21.9 4.8 
3 9.4 7.9 49.1 9.0 
4 10.3 9.8 29.5 8.3 

















* Measures are in 100 log microvolt units and are 
differences between measures obtained after stimulus 
presentation and measures obtained before stimulus 
presentation. 
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Fic. 2. Upper left: Mean action potential in the arms 
stimuli with nonchoice response. 


right: Masseter activity corresponding to above (Cond. 2). 
for 8 Ss, 16 trials each with 2-sec. stimuli and 5 sec. betwee 
right: Arm activity for 8 Ss, 16 trials each with 1-sec. first s 
a pair (Cond. 4). 
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The “active” arm is the one ultimately pressing key (Cond. 1). 
Upper right: Masseter responses corresponding to above (Cond. 1). ft: 
potentials in the arms of 32 Ss with choice response and mixed intrastimulus-pair interval. 
each S one-fourth of the trials were terminated at each of the intervals shown (Cond. 2). 


Middle left: Mean action 
For 
Middle 
Lower left: Masseter and arm activity 
n stimuli of a pair (Cond. 3). Lower 
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ulus—A muscular activity is pro- 
duced by the first stimulus likewise, as 
was expected from the results of the 
earlier experiment. It was for the 
purpose of assessing this that the 
analyses of variance were carried out, 
as already described. We may ques- 
tion, as a null hypothesis, whether 
readings taken at the various times up 
to the second stimulus may be con- 
sidered as random variations from the 
same value. The F ratios show that 
the null hypothesis may be rejected 
for all arm series, except for the inac- 
tive arm in the simple response case 
(Cond. 1). Trends in the jaw muscles 
show significance for Cond. 2 only. It 
appears that something, presumably 
the first stimulus, causes the readings 
at different times to be different from 
each other. 

Looking at the curves for the arms 
in Fig. 2 one sees a rise, small for the 
choice-response groups, in the second 
following the onset of the stimulus. 
By the next second the increase is 
substantial and it seems to reach its 
maximum in all cases in the second 
following the end of the stimulus. 

Some interesting differences appear 
in the subsidence of these excitations 
between stimuli. In the responding 
arm in the simple reaction there is 
little if any falling off before the sec- 
ond stimulus. For the choice situa- 
tion where there was a variable intra- 
pair interval (Cond. 2), there was a 
steady decline such that the tension 
was the same at the end of 5 sec. 
as at the beginning of the first 
stimulus. Where there were choice 
situations with a fixed intrapair inter- 
val (Cond. 3 and 4), there was a rapid 
decline after the peak, so that most of 
the intrapair interval was a period of 
stability. In the jaw muscles there is 
a slight rise of activity during the first 
stimulus, but its significance is ques- 
tionable. The significant trend in 
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Cond. 2 is mainly a general decline in 
the latter part of the period studied. 

Astriking incidental fact is the sided- 
ness of masseter activity. Just as the 
preferred arm almost always shows 
greater activity than the other, so does 
the ipsilateral masseter as compared 
with the contralateral. This was true 
in 50 out of the 54 Ss on whom 
masseter measurements are available. 
The remaining four cases show consist- 
ent differences in the other direction. 

The geographical pattern of the 
tension prior to the second stimulus 
varies according to the situation. 
Where the particular arm to be used 
in key pressing is predetermined 
(Cond. 1), it alone follows the se- 
quence: (a) a tension rise with the first 
stimulus, (b) a decline in the interval, 
and (c) a large rapid rise with the 
second stimulus. The other arm, 
meanwhile, acts much like the jaw 
muscles, showing an over-all decline, 
if anything. In the choice situation, 
on the other hand, where the key- 
pressing arm is not rigidly determined 
by instructions, both arms show sim- 
ilar rise and fall sequences. These 
are compared in Table 2. 


Characteristics of the stimulus trace —From the 
general time pattern of the excitation in the 
responding members, one may conclude that this 
is not the response of a first-order system (19). 
Such a system would not show the regions of 
positive acceleration which these curves seem to 
display when they change their direction. The 
excitation could be the response of a second-order 
system, however, a response involving both first 
and second derivatives. The input to the sys- 
tem would be the auditory signal, a square wave 
of 1 or 2 sec. duration. The equations for the 
response of a second-order system would include 
two parameters; in one form of the equation 
they are £, the damping ratio, and wa, the natural 
angular frequency. 

In the curves presented there are no evidences 
of oscillation. ‘The damping ratio in the system 
must therefore be one or more, for this is an 
essential condition for nonoscillatory response. 
On the other hand, the damping cannot be as 
great as two, for if it were, the positive accelera- 
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tion would be so small it would not show as it 
does in the declining portion of the curve for 
Cond. 2. A rough estimate of the natural 
angular frequency necessary to produce the 
Cond. 2 curve with such an amount of damping 
would place it at something less than 3.5. The 
natural frequency would then be about .5 sec. 
and the period 2 sec. 

With such a natural frequency, or anything 
like it, the maximum response in a critically 
damped or over-damped system would occur at 
the end of the signal. In all our cases the maxi- 
mum is reached in the next second. This, how- 
ever, would be expected if there is a delay due to 
transmission time. In the organism the time for 
transmission is large enough to take into account. 
Earlier studies (1, 3) showed the delay in the 
beginning of the response to be about .1 sec. and 
shifting the time scale by that amount would 
place the maximum in the second following the 
end of the signal. 

We are confronted, however, not with one 
typical response curve, but with at least three 
varieties. In Cond. 1, there is a fast rise and 
slow decline; in Cond. 2 both are moderate; and 
in Cond. 3 and 4 there is a rather sharp though 
delayed peak. The shape of the response is 
modified according to the situation; the situation 
(instructions, previous responses, etc.) changes 
some parameter of the responding system and 
the stimulus then produces a response in this 
modified system. 

But such a change as that from Cond. 2 to 
Cond. 1 could not be produced by any prior 
change of the two parameters of a second-order 
system. In Cond. 1 the rise is faster and the 
decay slower. Parameters which would speed 
up the rise would also make for faster decay. 
So there must be a shift of effective parameters 
during the course of the response. Such a shift 
would result from a feedback in the system, a 
feedback whose amount depended on the re- 
sponse. The existence of such a feedback some- 
where in the system seems rather probable any- 
how, and prior changes in its parameter would 
account for the major features of the response 
curve which change from situation to situation. 

The traces studied here parallel the final 
responses in certain ways. They are located 
mainly in the same musculature, so far as our 
exploration goes. Where the two arms respond 
homonymously in the key pressing (Cond. 2, 3, 
and 4), they both show the rise and fall of excita- 
tion associated with the first stimulus. Where 
they act reciprocally in key pressing, they behave 
differently at the time of the first stimulus, al- 
though without clear reciprocity. Our stimulus 
trace itself is, of course, the same kind of action, 
so far as the records go, as the muscular contrac- 
tion which results in key pressing. To the first 


stimulus there is, then, a response in many ways 
like the response given after the second stimulus 
and the recorded trace could as well be called 
an anticipatory response. 

The excitation in the muscles has, therefore, 
certain of the characteristics postulated by 
Kohler (10), Hull (9), and Schlosberg and Heine- 
man (18) for the stimulus trace. It is, however, 
subject to variation in time course and in geo- 
graphical distribution according to the situation. | 
In Kohler’s type of analysis, these properties 
would probably be attributed to the stimulus 
trace if they affected the final judgments. 

It is conceivable that the excitation here called 
a stimulus trace is later in the chain of events and 
more corrupted by extraneous factors than the 
processes hypothesized by Kohler and Hull. In 
some region of the cerebral cortex, for instance, 
there might be a process going on which answers 
to the exact description of the theoretical stim- 
ulus trace, but in the present state of knowledge 
this does not seem a necessary supposition. 

It is still a question whether the muscular 
events play a determining role in the chain of 
happenings leading to the key pressing. This 
experiment gives no definite answer. From the 
results it can be seen that there are peripheral 
events which show the effects of the stimulation 
and of the “setting factors.” Perhaps these are 
merely an overflow from the central nervous 
system important to the investigator as indices 
but of no consequence to the organism. 

On the other hand, local conditions established 
in the muscle may prepare it to respond or not to 
respond and the proprioceptive pathway from 
the muscles could constitute the feedback path- 
way which seems to be necessary. 


Relation of the Trace to Judgments 


With so much resemblance between 
the action-potential results and the 
trace Kohler inferred, it seemed that 
his theory might be essentially correct, 
and that the muscular activity has the 
same characteristics as he referred to 
a brain state. But unfortunately for 
this conclusion, the judgments given 
in the present experiment do not fol- 
low the expected time function. The 
judgment percentages are shown in 
Table 3. (In view of the small num- 
ber of judgments from each S and 
because of the need for averaging 
action-potential data, it was thought 
best to treat each group rather than 
each individual as a unit.) 
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TABLE 3 
Proportion OF JuDGMENTS “WEAKER” 
0 W 

Pe Sd Total Ss 

Cond. 2 * 
.1-Sec. Interval 48 128 32 
1-Sec. Interval 67 128 32 
3-Sec. Interval 69 128 32 
5-Sec. Interval 59 128 32 
Cond. 3 65 128 8 
Cond. 4 34 128 8 














The percentages in this experiment 
cannot be converted into conventional 
time-error stimulus values. (They 
are not in a good deal of the standard 
literature of the subject.) We have 
available only one point on each of 
the psychometric curves, since only 
one stimulus value was used, and of 
course one cannot compute two param- 
eters indicating the central tendencies 
and dispersions. From a mathemat- 
ical viewpoint it would be possible 
that the various percentages are on 
psychometric curves all having the 
same intercept (time-error) but enor- 
mously different slopes; standard ex- 
periments, however, show that it is 
the intercept rather than the slope 
parameter which varies under such 
conditions as these. In any case it 
may be as well to study the responses 
given, rather than some mathematical 
abstraction from them. 

We evidently have an aberrant series 
of percentages such as Harris (7) 
noted, and a stimulus trace inferred 
from them would bear very little rela- 
tion to our action-potential data. It 
would be represented by a curve like 
that for the W judgments in Fig. 6. 
This outcome first appeared in data 
from 16 Ss in Cond. 2. On the sus- 
picion that the percentages were unus- 
ual because of random error, the size 
of the group was doubled, but the 
larger group showed no material change 
over the smaller in either judgments 
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or action potentials. Neither level of 
the first excitation, nor its rate of 
change, nor its ratio to the second 
bears much relation to the shift in 
judgment proportions from one inter- 
val to another. 

At this impasse eventually a new 
hypothesis came to light. The arm 
muscles whose activity was being 
recorded might be looked upon as the 
terminal points of two reaction sys- 
tems, both more or less in a state of 
excitation throughout the experiment. 
The final action of one of those (in 
“S system’’) is called by the experi- 
menter a “Stronger” judgment, of the 
other (the “W system”) a “‘Weaker”’ 
judgment. The records may show 
the degree of this excitation, and the 
relative amount of it in the two sys- 
tems may be the determiner of the 
choice made. At the time the second 
stimulus comes, possibly the more 
active system has the advantage and 
will, other things being equal, press 
the key. 
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Fic. 3. Activity in arms designated for 
“Stronger” and “Weaker” judgments in Cond. 2 
(variable intervals between stimuli). Based on 
data prior to the second stimulus only. 
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According to this notion the propor- 
tion of judgments should be a function 
of the difference between the excita- 
tions of the two systems, rather than 
of their absolute level. Exploring 
this possibility, a plot was made of the 
excitation in the S and W systems for 
Cond. 2 as a function of time (Fig. 3), 
with smoothed curves drawn by in- 
spection, but with regard to the 
unequal precision of the points. The 
difference between the two does appear 
to vary with time: there is a difference 
in the shape of the S and W curves, 
so that at some points of time they 
are closer together, at others farther 
apart. At this point a statistical test 
of the difference in trend is needed. 


This was secured by analysis of variance, and 
the procedure for performing these analyses was 
basically the same as that described previously. 
The question now, however, is whether the time 
effects (up to the beginning of the second stim- 
ulus) are different in the two systems. In tech- 
nical language this is to ask whether the inter- 
action between response systems and time is 
significant. To make the calculations a little 
less intricate, new tables were prepared in which 
each entry represented the difference between 
the S and W arms for one S for one point of time 
for presentations with one interval. Since only 
readings prior to the second stimulus were used, 
the table for Cond. 2 had unequal numbers in 
the columns representing the time variable, but 
this is no bar to the analysis of variance. With 
the tables consisting of W-S differences the 
question is whether the means of these for the 
various times are different. There were, it will 
be recalled, two treatments accorded Ss; for half 
of them the right hand was designated S, the 
left W, for the other half the designations were 
reversed. The proper error term for our test, 
therefore, would be the pooled individual differ- 
ences in time trends within these two treatments. 
The F ratio so computed for Cond. 2 is 2.47 (7 
and 503 df) which has a level of significance 
between the 1% and 5% points. Briefly the 
difference in the trends is such that the difference 
(W-S) is at a minimum in the second following 
the stimulus, that it then increases to a maximum 
when the S curve reaches its starting level, then 
decreases and approaches a stable value as the 
W excitation dies out. 


With the trend differences in the 
two systems ascertained, the next 
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Fic. 4. Comparison of per cent W judgments 
with action-potential difference between the two 
arms just prior to the onset of the second stim- 
ulus (Cond. 2, variable stimulus) 


question was whether judgment pro- 
portions reflect them. In the data 
from Cond. 2 it is possible to make 
a comparison, because the sequences 
were terminated and judgments called 
for at a variety of times. (While the 
recording of action potentials is con- 
tinuous, the proportion of associated 
judgments can, of course, be found 
only by ending a certain number of 
runs at a given time.) Figure 4 is a 
plot of the two variables, proportion 
of judgments and W-S system differ- 
ence (in action potentials) each as a 
function of time. The action-poten- 
tial differences are those read from the 
smoothed curves in Fig. 3. As there 
are but four points to compare, it was 
desirable to lose a minimum of degrees 
of freedom in plotting. The action- 
potential differences are therefore 
plotted on the a priori assumption 
that a zero difference would corre- 
spond to a 50% division of judgments. 
A second anchor point for the scale 
was obtained by putting the maxima 
of the two functions at the same point.' 
Although minor variations in the 
action-potential curve are, of course, 
dependent on the smoothing opera- 
tion, there is evident a very good agree- 
ment between the functions. Turning 

1The maximum difference at point 5, as seen 


in Fig. 3, does not enter this comparison, since 
no judgments were taken at this point. 
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Fic. 5. Activity in arms designated for 
“Stronger” and “Weaker” judgments in Cond. 3 
(constant 5-sec. interval and both stimulus dura- 
tions 2 sec.) 


to Cond. 3, it may be seen that the 
final W-S difference is in favor of the 
W system somewhat more than in 
Cond. 2. As would be predicted, the 
W judgments predominate (see Table 
3). 

In Fig. 5 the S and W curves for 
Cond. 3 show the same difference in 
trend as found in Cond. 2, though 
their statistical evaluation is not so 
reassuring. Computed in the same 
way as before, an F ratio for the 
difference in trend is only .8, indicating 
that other individuals in the same cir- 
cumstances might not show the same 
difference at all. However, such a 
test takes no account of the sequence 
of differences, and perhaps should not 
be expected to show significance where 
the response is as brief as it is here. 
On the other hand, the minimum dif- 
ference occurs where it would be 
expected to, and this is followed by a 
maximum about where it would be 
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predicted. As would also be expected, 
the W excitation exceeds the S excita- 
tion just before the second stimulus. 
However this excess is brought about, 
it is followed by a preponderance of W 
judgments (65.9%). 

The evidence so far is quite favor- 
able to the hypothesis, but it lacks 
any case in which the action-potential 
difference is in favor of the S system. 
Actually it was at this point that the 
experiment called Cond. 4 was under- 
taken. The reasoning was that the 
S-system response (action potential) 
as seen in Cond. 2, and possibly in 
Cond. 3, seemed to have a more rapid 
rise and decay than the W system. 
But with a first stimulus lasting as 
long as 2 sec. the W-system activity 
has time to reach just as high a peak; 
its slower decay then puts it at an 
advantage during the subsequent 5 
sec. It seemed possible, therefore, 
that terminating the first stimulus at 
1 sec. would prevent the W system 
from reaching its peak and give the S 
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Fic. 6. Activity in arms designated for 
“Stronger” and “Weaker” judgments in Cond. 4 
(constant 5-sec. interval with a l-sec. first stim- 
ulus and a 2-sec. second stimulus) 
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system an advantage through the sub- 
sequent period. Under these circum- 
tances, it was thought, there might 
also be the usual preponderance of S 
judgments (negative timeerror). (Ex- 
perimenters reporting these have ap- 
parently used short-duration stimuli.) 

As can be seen from the Cond. 4 
curves in Fig. 6, the expectation about 
the shape of the S curves is borne out 
fairly well, though here again the F 
ratio is not at all significant. The dif- 
ference follows the same course as in 
the two preceding situations with the 
W-S value at a minimum (algebraic) 
in the poststimulus reading, this being 
followed by a maximum, then by an 
approach to stability. The maximum 
and minimum here differ at the 5% 
level of confidence according to a t test 
making use of the general error term. 
As predicted, the S system is definitely 
more active than the W system at the 
beginning of the second stimulus. As 
Table 3 shows, there is also the ex- 
pected majority of S judgments. 

Neglecting the factor of time, the 
relation between system difference and 
judgment proportions may be studied 
by comparing all three groups. The 
difference in action potentials in the 
S and W arms just before the beginning 
of the second stimulus was used as the 
basis for plotting Fig. 7. (The four 
middle points, taken from Cond. 2, 
are of course derived from the same 
Ss;theend points are not.) It maybe 
seen that the relation between system 
difference and judgment proportions 
extends over different experimental 
situations. 

The over-all difference in level be- 
tween the S- and W-system curves in 
Cond. 4 was not anticipated, though 
it might have been. In Cond. 2 and 
Cond. 3 the W system is at a higher 
level than the S system at all points, 
even before the onset of the standard 
stimulus; in Cond. 4 it is the S system 
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Fic. 7. Per cent W judgments as a function of 
the action potential difference in the two arms 
just prior to the second stimulus 


which is always higher. It is of in- 
terest to find whether the differences 
between the S and W systems just 
prior to the second stimulus are sig- 
nificant. For this comparison the 
error term needs to include the varia- 
tion among individuals within a treat- 
ment. In Cond. 2 individual differ- 
ences were extremely large, with an 
SD of 36; the Cond. 3 experiment 
which was carried out later has an SD 
of 18; and the last experiment has 
an SD of only 6. This remarkable 
shrinkage may represent improvement 
in techniques on the part of £. (For 
testing the mean at one point, the SD 
between individuals is augmented a 
small amount by the error within Ss.) 
Though the mean W-S differences in 
the three situations are of the same 
order of magnitude, the F ratio for 
the Cond. 2 is less than 1, for Cond. 3 
is 2.99 (p = .07), for Cond. 4 is 10.1 
(p = .01). It seems possible that 
W-S differences before the second 
stimulus are typical of the population, 
but the Cond. 2 and Cond. 3 experi- 
ments are too imprecise to establish 
them. 

Because of these differences in level 
it would be possible to predict the 
proportion of judgments the Ss will 
give even before the standard stimulus 
has been given. By the higher level 
of activity in one system than in the 
other the Ss show they already have a 
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TABLE 4 


Per Cent Responses GIVEN BY PREFERRED 
Hanp anp Mean Action—PoTenTIAL 
DIFFERENCE IN FAVOR OF THE 
PREFERRED ARM 











- Action- 
Given by | Potential n 
Preferred | Difference 
Hand 
Cond. 2 
.1-Sec. Interval 51.6 33.0 128 
1-Sec. Interval 56.3 29.4 128 
3-Sec. Interval 53.2 32.2 128 
5-Sec. Interval 50.8 33.0 128 
Cond. 3 58.5 12.7 128 
Cond. 4 54.6 15.5 128 














bias in favor of the one alternative. 
This preliminary bias seems quite 
puzzling at first, but the trend curves 
are, of course, averages taken from 16 
trials, and it may be that the initial 
difference is one which develops during 
the series. If a response in one reac- 
tion system were to leave behind it an 
excitation lasting until the next pair 
of stimuli comes, a bias would tend to 
develop. Data in the present experi- 
ment are not adequate to test the 
notion, but Livingston (12) found such 
an effect in a similar situation. He 
reports that muscular activity in the 
arms during a choice reaction-time 
foreperiod is a function of the runs of 
stimuli (and responses) for some dis- 
tance back in the series. It has also 
been shown that the proportion of 
judgment of pitch is similarly affected 
by prior runs (11). It seems as though 
a persistent excitation in one reaction 
system might be the immediate deter- 
minant of these nonrandom trends in 
judgment. 

In the treatment of the data thus far, 
the difference between the preferred 
and nonpreferred arm activity has been 
removed from consideration by the 
averaging of responses from preferred 
and nonpreferred arms. The activity 
of the preferred arm is almost univer- 
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sally greater than that of the nonpre- 
ferred, up to the beginning of the sec- 
ond: stimulus of each pair. To see 
whether this difference might lead toa 
majority of preferred hand responses, 
regardless of other factors, Table 4 
was prepared. From this it does seem 
that S will tend to make the final 
response with the preferred hand, no 
matter whether it signifies “Weaker” 
or “Stronger” by instructions. 


The relation of stimulus traces to judgments.— 
The experimental results support the following 
interpretations. 

1. By instructions alternative response sys- 
tems are established in S. The level of action 
potentials from the principal responding muscle 
in each is an indicator of the state of excitation 
of each. 

2. The response system which makes use of 
the preferred arm will have a higher level of 
excitation than the one making use of the non- 
preferred. 

3. When an overt response has occurred in a 
given system, that system may be left in a 
state of higher excitation for at least a minute 
thereafter. 

4. When the first stmulus of a pair is given, 
an excitation of both response systems occurs. 
This will reach its maximum within a second 
after the end of the stimulus and decline there- 
after. (The exact course of the rise and fall 
depends on the situation set up by £.) 

5. The systems designated “S’’ and “W” have 
different excitation trends. The “S” system 
seems to be more volatile; it has a quick rise and 
more rapid decay. The “S” system develops 
excitation more slowly and retains it longer. 
Early in the intrapair interval, therefore, with 
other things equal, the S system will be more 
active than the W system; later the opposite will 
be the case. (While this is undoubtedly true for 
our Cond. 2 with mixed intervals, and may be 
generally true for our Cond. 3 and 4 with fixed 
intervals, it probably is not true for all experi- 
mental situations.) 

6. The second stimulus revives the excitation 
in both systems and raises it to a very high peak 
following its cessation. In one of the systems, in 
fact, the excitation is so great that the muscle 
develops enough force to close the response key. 

7. The system which is most excited by the 
second stimulus is the one which is already most 
active. Hence, on the average, the number of 
“judgments” made one way or the other (stimuli 
being equal) will depend on the difference be- 
tween the excitation levels in the two systems 
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at the time the second stimulus is given. The 
judgments will therefore be related to those fac- 
tors which in turn determine the relative excita- 
tion levels of the two systems. 

This determination of final response by prior 
level of system activity resembles the finding of 
an earlier study (3) in which the muscular reflex 
response to an auditory stimulus was shown to 
be related to prior tension level. Somewhat 
similar is the result of Bosma and Gellhorn (1) 
that the muscular stretch produced by loading a 
muscle determines a greater contraction resulting 
from cortical stimulation. The greater effect on 
the active muscle in the present case is more than 
proportional to its absolute activity level, for the 
procedure of expressing the results in logarithmic 
units would allow for such proportionality. Ina 
study of response at the level of the absolute 
threshold level (5) it was proposed that the 
activity of a system, once it reaches a certain 
point, initiates a positive feedback which builds 
up the excitation to an overtly effective contrac- 
tion. (A reduction of negative feedback would, 
of course, do as well.) Such a variable feedback 
was also suggested to account for the variations 
in trace excitation associated with the first stim- 
ulus of the present experiment. If the propor- 
tion of feedback increases with amount of excita- 
tion, the activity of a system would tend, after a 
certain point, to build up to whatever limiting 
point exists. 

This interpretation is similar to the usual 
stimulus-trace theory of the time error in that it 
makes the proportion of judgments dependent 
upon the fading effects of the first stimulus. It 
differs radically from that theory in that the 
excitations considered are not in cortical fields 
exclusively, and in that the difference between 
two “traces,” both started by the first stimulus, 
is considered to be the determiner, rather than 
the intensity of one trace. (In either case, of 
course, the intensity of the excitation produced 
by the second stimulus would have to play a role 
whenever it is allowed to vary substantially.) 
The notion of “competing” traces is favored 
because the single trace, if it is identified with 
the observed excitations, fails to account for the 
data. The response-system idea is favored in 
the first place because pertinent effects were 
observed in the terminals of such systems. A 
second advantage of the theory is that it leads to 
an explanation of the key pressings which are 
observed, rather than to an explanation of a 
state of awareness which is presumed to be indi- 
cated by these key pressings. It does not require 
that a cortical condition should be exactly 
reflected in the overt actions. 

The difference in the way the S and W systems 
respond to the first stimulus raises further ques- 
tions. The difference is evidently not anatom- 
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ical, since each arm can be made a part of either 
system. Possibly the difference is determined 
by the same linguistic habit which makes the 
expression “stronger or weaker” more usual than 
“weaker or stronger.” 

There are certainly other factors taking part 
in response determination besides the ones here 
studied. Probably some operate by affecting 
the prestimulus level of various response systems, 
some by affecting the excitation aroused by the 
first stimulus, some by affecting the trace decay, 
or by adding new excitations somewhere in the 
decay period. Conditions coincident with the 
second stimulus (e.g., its intensity) or posterior 
to it, would presumably act by changing its 
effects. But, in general, in the theory presented 
anything affecting the response proportions and 
operating ahead of the second stimulus would 
have to do so by modifying the activity of one or 
more of the many competing response systems in 
the individual. This might be true also in those 
other situations which consist of a sequence of 
stimuli as well as in the intensity-judgment case. 


SUMMARY 


Four groups of Ss were presented 
with pairs of tones under four different 
experimental procedures with Ss press- 
ing a key in response to each pair in 
certain of the conditions constituting 
a judgment of the relative interests of 
the second stimulus. Search for stim- 
ulus-trace effects was made in the 
concurrent muscular activity in four 
body locations by electromyographic 
methods, and the relation of some 
of these to ensuing judgments was 
investigated. 

Under all the experimental condi- 
tions there was an increment in mus- 
cular activity associated with the first 
stimulus of each pair, at least in those 
muscles likely to be involved in the 
subsequent key pressing. 

For the simple reaction situation the 
excitation was highly localized; for the 
choice-response situations it was more 
widespread. 

The temporal course of the excita- 
tion is somewhat like that usually 
attributed to the stimulus trace. It 
varies with the following factors: (a) 
simple vs. choice response; (b) regu- 
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larity vs. irregularity of time interval 
between stimuli of a pair; and (c) 
duration of the first stimulus of a 
pair. 

It is, therefore, less closely bound to 
the stimulus than the stimulus trace is 
sometimes supposed to be, but varies 
with the “setting factors” as well. 
This variation could be accomplished 
by a feedback in the system. 

The proportion of judgments of 
“stronger” and “weaker” bears no dis- 
cernible relation to its total amount of 
activity in the two arms prior to the 
judgment. 

It is related, however, in a variety 
of circumstances, to the difference in 
prior activity of the arms designated 
to give “stronger” and “‘weaker” judg- 
ments, the more active arms giving 
the greater number of responses. 

It is proposed that the action poten- 
tials from the two arms represent the 
activity state of two competing re- 
sponse systems; that both are excited 
by the first stimulus but have differing 
response curves and initial levels; that, 
other things being equal, the system 
which has ‘advantage at the time of 
the second stimulus will further build 
up its activity until enough force is 
generated to close a key. 


(Received April 5, 1952) 


REFERENCES 


1. Bosma, J. F., & Gettuorn, E. Electro 
myographic studies of muscular coordina- 
tion on stimulation of the motor cortex. 
J. Neurophysicl., 1946, 9, 263-274. 

2. Davis, R. C. An integrator and accessory 
apparatus for recording action potentials. 
Amer. J. Psychol. 1948, 61, 100-104. 

3. Davis, R. C. Motor effects of strong audi- 
tory stimuli. J. exp. Psychol., 1948, 38, 
257-275. 


4. Davis, R. C. Responses to ‘meaningful’ 
and ‘meaningless’ sounds. J. exp. Psy- 
chol., 1948, 38, 744-756. 

5. Davis, R. C. Motor responses to auditory 
stimuli above and below threshold. /. 
exp. Psychol., 1950, 40, 107-120. 

6. Freeman, G. L., & SHarp, L.H. Muscular 
action potentials and the time-error func- 
tion in lifted weight judgments. J. exp. 
Psychol., 1941, 29, 23-26. 

7. Harris, J. D. The effect of interstimulus 
interval on intensity discrimination for 
white noise. Amer. J. Psychol., 1949, 62, 
202-214. 

8. Hutt, C. L. Principles of behavior. New 
York: D. Appleton-Century, 1943. 

9. Hutt, C.L. Behavior postulates and corol- 
laries—1949. Psychol. Rev., 1950, 57, 
173-180. 

10. Kouier, W. Zur Theorie des Sukzessiv- 
vergleichs und der Zeitfehler. Psychol. 
Forsch., 1923, 4, 115-175. 

11. Koester, T., & ScHoenretp, W. The 
effect of context upon judgments of pitch 
differences. J. exp. Psychol., 1946, 36, 
417-430. 

12. Livincston, W. A. Action potential meas- 
urements from the arms in the foreperiod 
of reaction time to visual stimuli. Un- 
published Ph.D. dissertation, Indiana 
Univer., 1949. 

13. Payne, B., & Davis, R. C. The role of 
muscular tension in the comparison of 
lifted weights. J. exp. Psychol., 1940, 
27, 227-242. 

14. Peax, H. The time order error in succes- 
sive judgments and in reflexes. III. 
Psychol. Rev., 1940, 47, 1-20. 

15. Postman, L. The time-error in auditory 
perception. Amer. J. Psychol., 1946, 59, 
193-219. 

16. Postman, L., & Pace, R., Retroactive in- 
hibition and psychophysical judgment. 
Amer. J. Psychol., 1947, 60, 367-377. 

17. Rousu, R.G. Tone burst generator. Elec- 
tronics, 1947, 20, 92-96. 

18. Scutospere, H., & Herneman, C. The rela- 
tionship between two measures of response 
strength. J. exp. Psychol., 1950, 40, 
235-247. 

19. Trimmer, J. D. Response of physical sys- 
tems. New York: Wiley, 1950. 

20. Woopwortn, R. S. Experimental psy- 
chology. New York: Holt, 1938. 








TH 








THE PROJECTIVE MEASUREMENT OF EXPERIMENTALLY 
INDUCED LEVELS OF SEXUAL MOTIVATION ! 


RUSSELL A. CLARK 
Wesleyan University 


The primary purpose of the present 
research has been to investigate the 
measurement of sexual motivation by 
means of the TAT. The impetus for 
this study came from some findings by 
McClelland et al. All of the TAT 
scoring categories employed by Mc- 
Clelland and his associates (3) for 
measuring the need-for-achievement 
(n Achievement) varied as a direct 
function of increase in motivation. 
That is to say, with an increase in 
experimentally induced strength-of- 
achievement motivation there was a 
corresponding increase in the fre- 
quency of appearance of the various 
achievement-related categories. This 
seems to indicate that for n Achieve- 
ment there is no such thing as repres- 
sion, suppression, or any sort of inhi- 
bition operating. This finding seems 
fairly plausible in view of the fact that 
in the American culture individuals 
are widely encouraged to work hard, 
get good grades in school, advance 
themselves in the business world, etc. 
There are few taboos attached to the 
attainment of achievement goals. 
However, these findings involved 
mean differences in frequencies based 
on groups of Ss. A further study by 
McClelland et al. (3) involving case 
histories and psychiatric interviews 
indicated that there were a few indi- 
viduals who were highly motivated to 


1The present paper is a somewhat different 
form of a dissertation presented to the faculty of 
the Graduate School of Yale University in par- 
tial fulfillment of the requirements for the 
Degree of Doctor of Philosophy. The author 
is grateful to Drs. C. I. Hovland, I. L. Child, 
I. L. Janis, and D. C. McClelland for assistance 
in the planning and execution of this project. 


achieve but so anxious about achieve- 
ment that they inhibited the expres- 
sion of manifest achievement imagery 
in their TAT stories. This tentative 
finding ran contrary to the common 
assumption that projective measures 
circumvent the usual defenses of the 
individual. 

For investigating the degree to 
which inhibition occurs in the TAT, it 
seemed desirable to select some motive 
which was apt to differ from n Achieve- 
ment with regard to amount of anxiety 
that was apt to be involved. The sex 
motive, in our society at least, seems 
to have the necessary qualifications. 
There are all sorts of parental, social, 
and religious prohibitions against sex- 
ual activity. Because of this basic 
difference, and because it seemed pos- 
sible to manipulate sex motivation 
experimentally, this motive was chosen 
as suitable for investigation. 


PROCEDURE 


Three separate experiments (A, B, and C) 
were conducted in the course of the present inves- 
tigation. Each experiment involved two groups 
of male college Ss one of which (experimental) 
took a group TAT after having been exposed to 
some type of sexually arousing stimulus. The 
other group (control) consisted of comparable Ss 
who took the group TAT without prior sexual 
stimulation. 

The TAT pictures employed were from the 
Murray 1942 series with one exception. They 
were presented in the following order: 7BM, 
12BG, 14, 20, 10, 6F, Picture of a man working 
late at night in an office, and 6BM. Not all of 
the groups saw all eight pictures. The first five 
were shown for Exp. A, the first six for Exp. B, 
and all eight for Exp.C. The instructions which 
were employed for the administration of the 
group TAT are the standard instructions used by 
McClelland et al. (3, 4). 


Experiment A.—The experimental group was 
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first exposed to a series of photographic slides of 
attractive nude females and immediately there- 
after given the TAT. The control group took 
the TAT immediately after having been exposed 
to a series of slides of landscape scenes, archi- 
tecture, fashionably decorated rooms, etc. All 
slides used in this experiment were black and 
white. 

The Ss were in two sections of an elementary 
psychology class. They were tested before there 
had been any formal discussion of projective 
techniques. Two Es (graduate students) met 
the control class; one to conduct an “investiga- 
tion on factors affecting aesthetic judgment,” 
which was the rationale for the control slides, and 
the other to conduct “‘a standardization of a test 
of creative imagination.” The Ss were asked to 
rate each slide with respect to degree of attrac- 
tiveness stating what it was about the picture 
that makes it attractive or unattractive. They 
used mimeographed line rating scales with spaces 
for comment. All slides were presented briefly 
in order to enable Ss to get an over-all impres- 
sion, and then on the second presentation the 
slides were shown for a longer period thus en- 
abling Ss to make the ratings and pertinent com- 
ments. The TAT was given by the second E 
immediately thereafter. Every effort was made 
to convince Ss that the rating of the slides and 
the TAT were separate experiments. 

The experimental group was tested on the 
next day by the author and one of the previous 
Es. After again doing a variety of things to give 
Ss the impression that the presentation of the 
slides and the TAT were two different experi- 
ments, the author gave the rationale for the 
presentation of the nude slides, which was an 
attempt to make the presentation of the nude 
slides seem very plausible to the Ss. This 
rationale referenced the work of Sheldon (6) on 
the correlation between body type and certain 
physical and mental disorders, explained why the 
pictures of nude females were drawn from art 
photography (because of social pressure against 
standardized body-typing photographs), and 
requested Ss to use a mimeographed line rating 
scale with space for comments in evaluating the 
eight pictures to be shown. The E indicated 
that comments such as “breasts just the right 
size and shape”’ and “legs long and shapely” were 
adequate. In order to further set Ss for sexual 
stimulation by the slides, E then said: 


I think that you will find that most of 
these pictures are of at least fairly attractive 
girls. We have purposefully included mostly 
those body types that we feel should be 
fairly appealing. So when you use the rat- 
ing scale, don’t be concerned if many of the 


ratings fall towards the attractive end of the 
scale, but try to make fine discriminations 
among the more attractive girls. Now 
remember your job is to judge the sexual 
attractiveness of these girls. I don’t think 
you will find this an especially unpleasant 
task. 


The nudes were projected life-size on a large 
screen. After Ss had finished their ratings and 
pertinent comments about these slides, E col- 
lected the papers, packed up the slides, and left. 
The other E then came forward and administered 
the TAT with the same remarks and instructions 
that were given the control group. 

Experiment B.—Basically this experiment 
consisted simply of employing a very attractive 
female as administrator of the TAT for the 
experimental condition and a male administrator 
for the control group. No nude or neutral slides 
were involved. It was designed to determine 
whether the presence of an attractive, clothed 
female would elicit a type of sexual phantasy less 
apt to be guilt-ridden than that obtained in 
Exp. A. 

The Ss were members of the freshman class 
who, for one reason or another, had missed taking 
the TAT as a part of a battery of personality and 
aptitude tests. The Ss for the experimental and 
control groups were assigned at random and 
received notices from the Dean’s office to report 
for the test. These Ss were run in small groups 
of 4, 5, or 6 over a four-day period, with the 
male E (control) testing on the first two days, 
and the female E (experimental) testing on the 
last two days. All testing was at night and in 
an office, in order to assist in making the female’s 
presence less formal and more intimate. The 
girl was dressed attractively and wore an 
allegedly stimulating brand of perfume. She 
had trouble with the projector on the first TAT 
picture in order to enable her to request the 
males to come to her assistance. They gathered 
around and did so. The privacy of Ss while 
writing was insured by E£, after having projected 
the TAT slide for 20 sec., retiring to a remote 
easy chair during the 5 min. allowed for writing 
about each TAT slide. Also, each S$ deposited 
his protocol in an envelope upon completion of 
the test. 

Experiment C.—It is a very common assump- 
tion that alcohol reduces guilt, fear, or anxiety. 
In fact, recent work by Conger (1) with white 
rats seems to demonstrate that this is the case. 
Experiment C employed alcohol in an attempt to 
reduce sex-involved guilt or anxiety. The exper- 
imental group took the TAT in a fraternity beer- 
party setting after having been exposed to nude 
slides as compared with a control group also in a 
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beer-party setting but without exposure to any 
kind of slides.? 

Two presumably comparable fraternity groups 
were used as the experimental and control 
groups. The test was rationalized on the ground 
that it was desirable to determine the effects of 
informal environment and alcohol on the test of 
“creative imagination.” The test was given 
approximately 1} hr. after the start of the beer 
parties, and Ss were permitted to continue drink- 
ing during the test. The nude pictures were 
exposed on slides to the experimental group 
through clandestine arrangements designed to 
dissociate these pictures from the later TAT. 
The TAT was given shortly after the last of eight 
nude pictures was shown. 

Scoring.—The scoring was done by the author 
and one other person. The author rescored the 
stories several times. The other scorer practiced 
on 150 stories under the author’s tutelage before 
beginning the reliability check. In the case of 
discrepancies the final scoring was decided upon 
after a joint conference of the two scorers. 

The first analysis of the TAT protocols was 
to reveal manifest sex imagery. Sexual relation- 
ships were categorized as (a) primary—explicit 
or implicit evidence for sexual intercourse, (5) 
secondary—evidence for the occurrence of such 
secondary sex activity as kissing, dancing, fon- 
dling, etc., (c) tertiary—characters in the stories 
perceived as sweethearts, on a date, courting, in 
love, etc., but not engaged in either primary or 
secondary sexual activity. Sexual activity was 
scored only once for each story, and that which 
was biologically most sexual received priority. 

In addition to sex imagery, the protocols were 
also scored for guilt. A decision was made to 
score for guilt only in connection with sexual 
activity. It could be argued that sexual guilt 
might easily appear in a disguised form by being 
displaced to other types of activity. The author 
made an initial attempt to score for guilt regard- 
less of the activity involved and obtained no 
group differences whatsoever. Three general 
categories are scored as being indicative of the 
presence of guilt: (a) someone is ashamed, guilty, 
sorry, anxiety-ridden, morally concerned, em- 
barrassed, etc. over sexual activity; (b) someone 
is punished, criticized, ostracized for sexual 
activity; and (c) someone punishes himself in 
some concrete fashion as a result of a sexual 


2 Neutral slides were omitted from this con- 
trol group because a few stories in Exp. A seemed 
to be determined by a set for evaluation of the 
aesthetic qualities of the TAT slides which pre- 
sumably was established by having rated the 
aesthetic qualities of the “control” slides. 
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activity. Guilt is also scored only once for each 
story.* 

The per cent agreements between the two 
scorers were 91% for sexual imagery and 90% for 
guilt over sex. These percentages were obtained 
by considering agreements to be those categories 
which both scorers had marked as being present. 
Those categories which one scorer had marked as 
being present but the other scorer had marked 
as absent were counted as disagreements. Those 
categories which both scorers had indicated as 
being absent were not considered in the above 
calculations. Thus, agreements of the present- 
present variety are considered but not agree- 
ments of the absent-absent variety. 


RESULTS 


The chi squares in this study were 
calculated in the following manner: 
The frequency of appearance of any 
particular category was calculated for 
each S. The two groups under com- 
parison were combined, and the divid- 
ing point for setting up the contin- 
gency tables was determined by select- 
ing that frequency which most nearly 
enabled the placing of 50% of all Ss 
above and below that dividing point. 
Yates’s correction for discontinuity was 
used in every case regardless of the 
magnitude of the cell entries.‘ 

Table 1 demonstrates that the ex- 
perimental groups for Exp. A and B 
exhibited significantly less manifest 
sex imagery than the controls. The 
experimental group for Exp. C, how- 


3 The stories were also scored for affect over 
sexual activity. A three-way breakdown was 
made involving: (a) passion, lust, etc.; (b) love, 
tenderness, etc.; and (c) no affect present. The 
results of this analysis are the same as those that 
obtain for the sexual activity and are not reported 
because they add little to the interpretation. 

* There were five TAT pictures used in Exp. A, 
6 pictures in Exp. B, and 8 pictures in Exp. C. 
In each case calculations are based on the maxi- 
mum number of pictures common to the groups 
being compared. Also, in examining the tables 
that follow, the reader should be warned that the 
per cent of Ss above the dividing point for a 
given group may vary from one comparison to 
another because a different dividing point is 
often involved. 
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TABLE 1 


Per Cent or Ss ABOVE THE Divininc Point IN 
REsPECT TO THE FREQUENCY OF 
Aut Sex Imacery 

















% Ss 
Condition Ss Dividing ” 
Point 
~~ A 0 75 
xp. 27. 
Control 38 65.8 penal 
Exp. B 
Exp. 30 30.0 | 7.34% 
Control 29 69.0 ‘ 
Exp. C 
Exp. 35 60.0 5.85* 
Control 27 25.9 ; 














* Significant at 5% level. 
** Significant at 1% level. 


ever, showed reliably more sex imagery 
than the control group. 

Table 2 presents the comparisons of 
Exp. A and Exp. C. The reader is 
reminded that theoretically these two 
experiments differed only with respect 
to the fact that one of the conditions 
involved a beer-party atmosphere. In 
practice, however, there were certain 
minor differences other than this: The 
Ss for Exp. A were mainly sophomores, 
with a few juniors and seniors. The 
Ss for Exp. C represented, of course, a 
cross section of the four classes. Also, 
the nude slides were achromatic for 
Exp. A but chromatic for Exp. C. 
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Finally, the control group for Exp. A 
was exposed to neutral slides, while the 
control group for Exp. C was not ex- 
posed to neutral slides. Interexperi- 
ment comparisons involving Exp. B 
are not presented mainly because the 
sexual-arousal stimulus differed mark- 
edly from that employed for the other 
two experiments, and only freshmen 
were employed as Ss in Exp. B. 

Table 2 indicates that in general the 
groups of Exp. C (alcohol) show more 
sexual imagery than the groups of 
Exp. A (nonalcohol). Comparison of 
groups was made also with respect to 
the three types of sexual imagery— 
primary, secondary, and tertiary. The 
general finding was that primary sex- 
ual imagery was the main contributor 
to the differences in over-all sex imag- 
ery contained in Tables 1 and 2. Also, 
Table 2 shows that there is no signifi- 
cant difference in over-all sex imagery 
between the control groups of Exp. A 
and Exp. C. However, the control 
group of Exp. C does have a signifi- 
cantly greater amount of primary sex- 
ual imagery than the control group of 
Exp. A. 

Tables 3 and 4 reveal that those 
groups which show more sex imagery 
(see Tables 1 and 2) also exhibit more 
guilt over sexual activity. 

Table 5 presents the comparisons of 
the amount of guilt involved in the 


TABLE 2 


Per Cent or Ss ABOVE THE Divipinc Point 1n RESPECT TO THE 
Frequency or Att Sex IMAGERY 








Experiment A 


Experiment C 








%J Se above % Ss above x 
Condition Ss Dividing Condition Ss Dividing 
Point Point 
Exp. 40 27.5 Exp. 35 77.1 16.60** 
Control 38 15.8 Exp. 35 45.7 6.51* 
Exp. 40 27.5 Control 27 63.0 6.89** 
Control 38 65.8 Control 27 63.0 























* Significant at the 5% level. 
** Significant at the 1% level. 
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TABLE 3 that stories involving secondary sex 

Per Cent or Ss apove THE Divipinc Pointin would contain more guilt than those 

ResPEcT TO THE FREQUENCY OF involving tertiary sex. This, how- 
Sex-Invotvep Guitt : 

ever, is not the case. A number of 





























% Ss explanations could be offered for this 

Condition Ss Ae ine x? inconsistency. For example, one of 

Point the TAT pictures employed is usually 

Exp. A perceived as a man and woman in an 

a , = yt 5.31* embrace. This picture elicited a large 

— 4 number of stories concerning a hus- 

Exp. B band and wife in an embrace or kiss- 

Exp. 30 16.7 8.01* ing. This type of story would, of 

Control 29 55.2 

course, be scored as secondary sex. 

Exp. C In our society, for husband and wife 

Exp. 35 51.4 5.69* there are no moral sanctions against 
Control 27 18.5 * ~~ 

this type of activity. Also, some of 

* Significant at the 5% level. these same stories involved embracing 


(secondary sex) but this was in a con- 
different types of sexual imagery. It text of consolation for the loss of a son 
is clear that more guilt is evoked by in the war, etc. These stories were 
primary sex than by secondary or scored in order to be consistent with 
tertiary sex. One also might expect the criteria, but in future work it 


TABLE 4 


Per Cent or Ss aBove THE Divipinc Point 1n RESPECT TO THE 
Frequency or Sex-Invotvep GuILTt 














Experiment A Experiment C 
% Ss above % Ss above x* 

Condition Ss Dividing Condition Ss Dividing 

Point Point 
Exp. 40 20.0 Exp. 35 82.9 26.89* 
Control 38 47.4 Exp. 35 82.9 8.62* 
Exp. 40 20.0 Control 27 59.3 9.07* 
Control 38 47.4 Control 27 59.3 























* Significant at the 1% level. 
TABLE 5 


Per Cent or Guitt Invotvep 1n Eacu or THE THREE Types or Sex IMAGERY 
FoR ALL oF THE Groups ComMBINED 














Primary Sex Secondary Sex Tertiary Sex 
Imagery Imagery Imagery 
Per oe of stories containing 70.4 22.1 30.4 
guilt 
Standard error of per cent 3.0 5.0 4.1 
: Primary Sex Primary Sex Tertiary Sex 
vs. vs. vs. 
Secondary Sex Tertiary Sex Secondary Sex 
R = 8.3 CR = 7.9 CR = 1.2 
?<.0l p<.0l 
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Fic. 1. Hypothetical curves showing the 
strength of sex and guilt motives evoked by the 
arousal conditions for the experimental and con- 
trol groups 


would be well to eliminate this type of 
story either by special provisions in 
the scoring system or by avoiding the 
use of this type of picture (TAT 10). 


Discussion 


The two main factors considered in 
the present study are sex and sex- 
involved guilt. One logical way of 
interpreting these results involves an 
approach-avoidance conflict type anal- 
ysis such as that proposed by Lewin 
(2) and Miller (5). However, before 
considering the results in the light of 
such an analysis, it is necessary to 
make a clear-cut distinction between 
two different aspects of both sex and 
guilt that are presumably involved in 
this study. First, there is the degree 
of sex arousal and accompanying guilt 
that is evoked by the experimental 
procedures involving the presence of 
an attractive female and the presen- 
tation of nude slides. These motives 
can be referred to as stimulus-produced 
sex and guilt motives. The second 
aspect concerns the sexual arousal and 
accompanying guilt that might result 
from the writing of stories of a sexual 
nature. These motives can be referred 
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to as response-produced sex and guilt 
motives. 

Figure 1 depicts the relative 
strengths of the stimulus-produced 
motives for the experimental and con- 
trol groups. In this figure the guilt 
gradient is shown as being reduced by 
the consumption of alcohol. The 
control groups are assumed to be 
located toward the weak end of the 
stimulus continuum. The experimen- 
tal groups are located at a point in the 
strong end of the stimulus continuum. 
This figure also assumes that the guilt 
or avoidance gradient is steeper than 
the sex or approach gradient. In 
other situations it has been found that 
avoidance gradients are steeper than 
approach gradients, and Miller (5) has 
discussed possible reasons for this. In 
the discussion that follows, the conclu- 
sions drawn depend, of course, on the 
shapes of the gradients and the loca- 
tion of the experimental and control 
groups with respect to these gradients. 
For the purpose of simplicity the 
gradients are assumed to be linear in 
nature. The exact location of the two 
groups with respect to these gradients 
is, of course, not known. If the posi- 
tions depicted in Fig. 1 were changed 
at all markedly, some of the conclu- 
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Fic. 2. Hypothetical curves showing the 
strength of sex and guilt motives evoked by the 
writing of stories containing the various kinds of 
sex imagery 
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sions to be drawn would no longer 
hold. Figure 2 presents the strengths 
of the response-produced sex and guilt 
that are evoked by writing stories con- 
taining the various kinds of sex imag- 
ery. The considerations that apply 
to the gradients in Fig. 1 also apply 
here. 

The question that arises next con- 
cerns the relationship between the 
stimulus-produced sex and guilt and 
the writing of stories containing sex 
imagery. The first assumption made 
is (a) that the expression of sex in the 
TAT stories is a direct function of the 
algebraic summation of the stimulus- 
produced sex and guilt gradients. 
That is, the higher the sex gradient 
above the guilt gradient, the greater 
will be the tendency to express sex. 
The second assumption is (b) that the 
guilt appearing in the TAT stories is a 
function of expressing sex in the stories 
and not a function of the guilt that is 
evoked by the arousal stimuli. There 
is some evidence to indicate that the 
second assumption is correct. If this 
assumption were true, there should be 
no difference in percentages of guilt 
over a given kind of sex imagery ex- 
pressed in the TAT protocols between 
the experimental and control groups. 
That is to say, both groups should 
experience the same degree of guilt for 
writing a given kind of sex story. If 
the level of guilt evoked by the 
arousal conditions also has a tendency 
to be expressed in the stories, this 
should lead to a higher percentage of 
expressed guilt for the experimental 
group because of the greater strength 
of guilt due to the arousal conditions 
for this group. There is, however, no 
evidence for this. The percentage of 
guilt over primary sex obtained by 
combining the three experimental 
groups is 73.6%, and that for the com- 
bined control groups is 67.3%. 


The ~ 


critical ratio for this difference is 1.01 
with a probability value of .31. 

In the light of these assumptions 
and considerations the findings now 
will be analyzed. The first major 
result to be explained is the finding 
that for Exp. A and B the control 
groups express more sex and guilt in 
the TAT stories than their respective 
experimental groups. By consulting 
Fig. 1 it can be seen that for these 
experimental groups the stimulus- 
produced guilt is at a higher level than 
the stimulus-produced sex. Just the 
reverse is true for these two control 
groups. Thus, one would predict 
that the control groups would have a 
greater tendency to express sex. 
Having expressed a greater amount of 
sex and especially a greater amount of 
primary sex, it follows that the control 
group should express more guilt. 
This can be understood by examining 
Fig. 2 and recalling the assumption 
that expressed guilt is primarily a 
function of writing stories containing 
sexual imagery. 

The second major finding is that for 
Exp. C the experimental group ex- 
pressed more sex and guilt than did 
the control group. Again by exam- 
ining Fig. 1 the explanation for this 
can be sought. With a sufficient low- 
ering of the guilt gradient due to 
alcohol, it can be seen that there is a 
greater difference between the sex and 
guilt gradients for the experimental 
group than for the control group. The 
line of reasoning for this difference in 
expression of sex and guilt is the same 
as that applied to the previous finding. 

The last major finding to be con- 
sidered concerns the interexperiment 
comparisons involving Exp. A and C. 
In general, the alcohol groups of Exp. 
C express more sex and guilt than do 
the nonalcohol groups of Exp. A. 
By checking Fig. 1 the reader can 
satisfy himself that for any of these 








particular comparisons the alcohol 
group in question should express more 
sex than the nonalcohol group in 
question. However, when one ex- 
amines Fig. 2, it can be seen that the 
alcohol groups should have less guilt 
over expressing sex because of the 
lowered guilt gradient in this situa- 
tion. This, of course, does not con- 
form with the empirical findings. On 
the other hand, one might expect a 
higher total frequency of guilt for the 
alcohol groups because of the higher 
total frequency of both over-all sex 
and primary sex. Nevertheless, ac- 
cording to Fig. 2, one would expect a 
lower percentage of guilt over a given 
kind of seximagery. However, this is 
not the case. The percentage of guilt 
over primary sex obtained by com- 
bining the experimental and control 
groups of Exp. Cis 68.6%. The com- 
parable percentage for Exp. A is 
65.0%. This difference yields a crit- 
ical ratio of .43 with a probability 
value of .67. From this it might be 
concluded that the theory is wrong in 
assuming that alcohol reduces guilt 
over expressing sex. ‘There is, how- 
ever, at least one possible alternative 
hypothesis that could be checked by 
further work. This involves the con- 
sideration that differences actually 
exist in the stories which are cate- 
gorized, for example, as primary sex. 
It is the author’s impression from 
rereading the primary sex stories for 
the alcohol and nonalcohol groups that 
the stories of the former groups are 
more sexual in nature. That is, the 
statements “She became pregnant” 
and “They had an impassioned sex 
orgy” are both scored as primary sex, 
but the latter type of imagery seems, 
to say the least, a more powerful state- 
ment. A more refined scoring system 
or the present system modified such 
that sex imagery could be scored more 
than once per story might demonstrate 
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this impression to be true. If the 
subjects in the alcohol groups are 
expressing a more primary type of sex, 
the increased guilt that this would in- 
volve might compensate for the de- 
crease in guilt due to alcohol. This 
would account for the finding that 
there is no difference in the percent- 
ages of guilt involved in primary sex 
for the two conditions. 


SUMMARY 


This study involved the projective 
measurement of experimentally in- 
duced levels of sex motivation. Sexual 
motivation was aroused by the presen- 
tation of slides of nude females in two 
instances and in another instance by 
the presence of an attractive female. 
The TAT protocols were analyzed for 
manifest sex imagery and sex-involved 
guilt. 

The results showed that under nor- 
mal conditions the experimental 
groups expressed significantly less sex 
and guilt in the TAT stories than did 
the control groups. Under conditions 
of alcohol these results were just the 
reverse. That is, the experimental 
group showed significantly more sex 
and guilt than did the control group. 

These results are interpreted by 
assuming that under normal condi- 
tions the guilt evoked by sexual 
arousal is sufficient to inhibit the 
expression of sex with a consequent 
lowering of guilt. Under alcohol, 
however, the guilt over sexual arousal 
is reduced enough to permit the ex- 
pression of sex with a resulting in- 
crease in expressed guilt. 


(Received April 16, 1952) 
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EFFECT OF INCENTIVES UPON REACTIONS TO 
PERIPHERAL STIMULI? 


HARRY P. BAHRICK 
Ohio Wesleyan University 


PAUL M. FITTS AND ROBERT E. RANKIN 
The Ohio State University 


Most recent investigations of the 
relations between motivation and per- 
ception, such as those of Bruner and 
Goodman (3) and of Levine, Chein, 
and Murphy (6), have dealt with 
changes in the manner in which given 
objects are perceived as the result of 
changes in need states or attitudes. 
The present investigation deals with a 
different aspect of the problem, the 
effect of changes in motivation on the 
probability that a particular stimulus 
will be responded to, i.e., the relation 
of motivation to the selectivity of ,er- 
ceptual processes. 

We never respond to all of the avail- 
able stimuli in our surroundings, but 
only to selected aspects of the envi- 
ronment. Not only are perceptual 
processes highly selective, but the 
focus of this selectivity may shift from 
moment to moment. It has been 
recognized for a long time that such 
perceptual phenomena are related to 
the selectiveness of the learning proc- 
ess, yet few studies of learning have 
been concerned with the prediction of 
perceptual responses. This may be 
due to the fact that such responses are 
not directly observable, but become 
accessible to empirical investigation 
only in so far as they can be inferred 
from changes in performance. 

Recently, Berlyne (2) has attempted 
to extend the postulates of Hull’s learn- 


1 This research was supported in part by the 
United States Air Force under Contract No. AF 
33 (038)-10528 monitored by the Perceptual and 
Motor Skills Research Laboratory, Human Re- 
sources Research Center. 


ing theory to permit the prediction of 
selective perceptual responses. How- 
ever, the functional relations between 
such responses and motivational con- 
ditions need to be explored empirically 
in order to gain a better understanding 
of learning and performance of com- 
plex tasks. 

The present study was planned to 
test the hypothesis that an increase in 
incentives results in an increase in the 
selectiveness of perceptual behavior, 
provided that the organism is familiar 
with the stimulus situation and has 
stable expectations with respect to the 
elements of the situation which can 
lead to need reduction. According to 
this hypothesis, a person who is offered 
a strong incentive would be expected 
to exhibit highly selective perceptual 
response and would be unlikely to per- 
ceive irrelevant stimuli, i.e., stimuli 
which are less related than others to 
his expectations of reward. Under 
the same circumstances, a person 
offered a weak incentive would be 
more likely to perceive irrelevant stim- 
uli. It should be noted that by rele- 
vant we usually mean relevant to the 
goals and incentives specified by E. 
It is assumed that any object that an 
organism responds to must have some 
relevance for the organism. 

More specifically, it is hypothesized 
that perceptual selectivity in a psycho- 
motor task is influenced by (a) the 
incentives, or rewards, offered by E 
for “good” performance, and/or the 
punishment proposed for “poor” per- 
formance; and (b) how S interprets the 
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relation of the different aspects of the 
task to the incentives, i.e., what fac- 
tors he expects to be most closely 
related to success or failure. 

It is further hypothesized that a 
continuously changing aspect of a 
complex task will tend (other things 
being equal) to be interpreted by S as 
more important to success than an 
infrequently and intermittently chang- 
ing aspect. It is also believed that a 
stimulus object in the peripheral 
visual field will tend (other things 
being equal) to be interpreted as less 
important than an object in the cen- 
tral part of the field. However, our 
concept of “peripheral” stimuli also 
includes all aspects of the central task 
that S classifies as being relatively 
unimportant. 


METHOD 


Apparatus.—A central continuous tracking 
task was used together with several intermittent 
peripheral tasks. A modified Buxton Division 
of Attention Test (4) provided the central task 
(see Fig. 1). The S was required to move a 
follower back and forth with his right hand so as 
to keep it in contact with a moving target. A 
timer at E’s control panel recorded the amount 
of the time that the follower remained in contact 
with the target. The S worked in a seated posi- 
tion, with his eye level 10 in. above the central 
tracking task. 

Two kinds of peripheral stimuli were em- 
ployed. One consisted of four lights, located in 
a semicircle in front of S at a distance of 24 in. 
away from and 8 in. below the eyepoint. One 
pair of lights was 20 degrees to either side of the 
median line of the body and the other was 40 
degrees to either side. The lights were placed 
behind translucent windows, $ in. in diameter, as 
shown in Fig. 1. The intensity of the light at 
the aperture was 24 ft.-candles and the contrast 
ratio between the aperture and its surroundings 
was 8:1. 

Single lights were turned on from time to time 
by E by means of noiseless switches. The S 
could turn the lights off by operating the appro- 
priate one of four switches. A timer at £’s 
control panel recorded the length of time each 
light remained on. 

One of the instrument dials of the Grether 
Dual-Pursuit Apparatus (5) provided the second 








Fic. 1. The experimental apparatus showing 
the target and follower of the continuous track- 
ing task, the peripheral stimulus lights and their 
switches, and the peripheral instrument dial with 
its control knob 


kind of peripheral stimulus. It was placed 24 
in. away from and directly in front of S, and was 
10 in. below eye level. The instrument pointer 
automatically moved off center six times during 
a period of | min. The extent of pointer devia- 
tion varied from 7 to 45 degrees. Both clock- 
wise and counterclockwise movements occurred. 
The S could return the pointer to its neutral 
position by turning the control knob, as shown 
in Fig. 1, with his left hand. A timer at the 
control panel accumulated the time during each 
1-min. trial that the pointer remained off center. 

The entire apparatus was enclosed by a large 
booth which was open on the side facing S. A 
headrest was provided so that the eyes of all Ss 
were maintained at a distance of 16 in. from the 
central task. The £’s control panel was behind 
S. 

An O viewed S through a one-way screen in 
the front of the booth, and recorded the number 
of eye-fixation changes that occurred during the 
performance of some of the tasks. The O also 
recorded eyeblinks between trials, but the latter 
data are summarized in another report and will 
not be discussed in the present paper. 

Subjects —Eighty male and 20 female college 
students served as Ss. 

Experimental tasks—The experiment required 
the performance of a peripheral task simultane- 
ously with the performance of a central task by 
Ss who were given one of two incentive condi- 
tions. The central task consisted in all cases of 








402 


tracking with the Buxton continuous pursuit 
apparatus. The score on this task was the num- 
ber of seconds S remained on target during each 
1-min. trial. Three variations in the peripheral 
task were used. 


1. For the first task, S was not warned about 
the peripheral lights. At predetermined inter- 
vals of 15, 35, and 50 sec. during the third 1-min. 
tracking trial, three of the four peripheral lights 
were turned on, one at a time, for 5-sec. periods. 
At the end of this third trial, S was questioned 
as to whether he had noticed the lights, and was 
asked to report those that had been turned on in 
the sequence in which they had been presented. 

2. For the second variation, S was instructed 
to watch for the peripheral lights and turn them 
out by operating the appropriate switches. 
Again three lights were turned on at the pre- 
determined intervals during a l-min. trial. The 
cumulative reaction time to the three lights dur- 
ing each trial was recorded. 

3. For the third variation, Ss were instructed 
to keep checking the instrument pointer of the 
Grether pursuit apparatus, and to adjust the 
pointer whenever they noticed that it was not on 
center. Six discrete pointer deviations occurred 
during each 1-min. test trial. The cumulative 
amount of time the pointer remained off the 
center position during each trial was recorded. 
This task differs from the preceding peripheral 
task in that it could not be accomplished through 
the use of peripheral vision. The S had to make 
an eye movement before he could detect a 
pointer deviation. 


Procedure.—All Ss received 13 1-min. trials 
followed by 30-sec. rest periods. Trials 1, 2, 4, 
and 7 were practice trials on which no special 
incentives were offered. On Trials 3, 5,6, 8, and 
9, Ss in Group I were offered a bonus for good 
performance; on Trials 10, 11, 12, and 13, Ss 
in Group II were offered a similar bonus. 

All Ss were paid a standard wage of 75 cents 
an hour. On bonus trials they were given a 
chance to increase their pay by earning high 
scores. Bonuses ranging from 5 cents to 3 dol- 
lars were offered on each high-incentive trial. 
The typical S earned a total bonus of 25 cents. 

At the end of the second practice trial Ss were 
assigned to one of the two groups in such a way 
as to equalize group means and SD’s for early 
performance on the central tracking task. This 
procedure, it should be noted, would not be 
expected to equate the groups for performance on 
the peripheral tasks. 

At the start of the experiment each S was 
seated so that he could rest his head comfortably 
against the forehead rest, and was shown how 
to operate the apparatus. Instructions were 
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given before each trial.2 The special conditions 
for each of these trials were as follows: 


Trials 1-2. All Ss practiced the continuous 
tracking task under uniform conditions. 
Trial 3. Group II was told that practice trials 
would continue. Group I was offered a 
money bonus for good tracking performance. 
Without previous warning three peripheral 
lights were presented while Ss performed the 
central tracking task. At the end of the 
trial all Ss were asked whether they had 
seen any lights, and if so, what the sequence 

was in which they had been turned on. 

Trial 4. All Ss practiced the continuous track- 
ing task, and tried to keep the peripheral 
lights turned off by operating the switches. 
No bonus was offered either group. 

Trials 5-6. Same as Trial 4, but Group I was 
offered a money bonus for good performance. 
The instructions stated that the time re- 
quired to turn out the lights would be 
subtracted from the time-on-target tracking 
score in the computation of the total score. 

Trial 7. All Ss practiced the tracking task, 
and tried to correct for intermittent devia- 
tions of the dial pointer by adjusting a knob. 
No bonus was offered either group. 

Trials 8-9. Same as Trial 7, but Group I was 
offered a money bonus. The instructions 
stated that the time required for centering 
the pointer would be subtracted from the 
total time-on-target. 

Trials 10-11. Same as Trials 5-6, but Group II 
was offered a bonus instead of Group I. 
This was the first time Ss in Group II knew 
that bonuses were being offered. Group I 
was given practice instructions. 

Trials 12-13. Same as Trials 8-9, but Group 
II was offered the bonus instead of Group I. 


REsULTs AND Discussion 


The means and SD’s of scores made 
by the two groups for all trials on the 
central and peripheral tasks are given 
in Table 1. The significance of the 
differences between the mean scores 
of the two groups on each trial is indi- 
cated by t ratios. 

The two groups had approximately 
equal performance scores on the cen- 
tral tracking task during the first two 
practice trials. However, on all of 
the subsequent trials on which they 


?The complete instructions are available in 


(1). 
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were offered a bonus, the performance 
of Group I on the central task was sig- 
nificantly superior to that of Group II. 
Even on nonbonus Trials 4 and 7 
Group I gave superior performance on 
the central tracking task. This is 
interpreted as indicating that the in- 
centive continues to affect performance 
even on the interspersed practice 
trials, perhaps because Ss anticipate 
further bonuses. After Group II was 
offered a bonus for the first time (Trial 
10), there were no further significant 
differences between the two groups on 
the central tracking task. 

Within each group performance on 
the central task was significantly 
higher during bonus than during non- 
bonus trials. 

The scores on the peripheral tasks 
were never improved by the bonus 
condition and were adversely affected 
in most instances. This result is in 
accordance with the initial hypothesis. 

The first variation of the peripheral 
task was scored from 0 to 6 on the 
basis of the answers to the questions 
which followed Trial 3. One point 
was given for noticing any lights. 
Points were given for each of the three 
lights correctly identified, and an addi- 
tional two points was credited to Ss 
who gave the correct sequence in 
which the lights were turned on. The 
difference in scores between groups is 
significant at the 5% level of confi- 
dence. Only 8% of Ss in Group II, 
the low-motivation group, failed com- 
pletely to notice the peripheral lights 
on Trial 3, while 34% of Ss in Group I 
noticed no lights. This difference is 
highly significant. 

During the second variation of the 
peripheral task (Trials 5-7) Group II 
had a shorter mean reaction time 
than Group I on all three trials, but 
the differences are not statistically 
significant. 

The results of the third variation of 
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the peripheral task (correcting for 
intermittent pointer deviations) were 
somewhat unexpected. During the 
initial practice trial on this task (Trial 
7) Group I did significantly poorer 
than Group II, but during the next 
two (bonus) trials (Trials 8-9) the 
difference between the two groups was 
slight. The count of eye-fixations 
taken by the hidden O during these 
trials indicated that both groups had 
a mean of 24 eye movements between 
the central and peripheral task during 
l-min. practice trials. During the 
bonus trials both groups showed fewer 
movements (longer fixations) but the 
number of changes in fixation for the 
high-incentive condition was greater 
(but not significantly so) than for the 
low-incentive condition. In spite of 
this greater frequency in checking the 
peripheral stimulus object, however, 
the group under high incentive did no 
better on this peripheral task than did 
the low-incentive group. 

When incentives were reversed 
(Trials 10-13), the measures of perform- 
ance on the peripheral tasks followed 
the predicted pattern. Group II now 
gave the poorer performance on the 
task of turning out the peripheral 
lights (Trials 10-11). The difference 
was significant at the 7% level. On 
the pointer-centering task the results 
also favored Group II, although the 
differences were not significant. On 
these trials, the relative number of 
changes in eye fixation for the two 
groups also reversed, being slightly 
larger for Group II than for Group I. 
The joint probability for the differ- 
ences in the two peripheral tasks was 
significant at the 1% level, showing 
significantly poorer performance on 
peripheral tasks with high incentives 
following the reversal of incentive con- 
ditions for the two groups. 

It seems clear that performance of 
the central tracking task was favor- 
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ably influenced by the high-incentive 
condition, while performance of the 
peripheral task was influenced ad- 
versely by this condition. The detri- 
mental effects of the bonus upon 
reactions to peripheral stimuli were 
most pronounced when Ss had not 
been forewarned about the peripheral 
lights, less pronounced in the rela- 
tively simple light-reaction task, and 
least pronounced in the more exacting 
pointer-centering task. 

Most of these results support the 
hypothesis that the efficiency of 
responses to peripheral stimuli is 
influenced by the degree of motiva- 
tion, as well as by the difference in 
the expectation of reward from the 
central, as contrasted with the periph- 
eral aspects of the task. While it may 
be assumed that the effect of the bonus 
upon motivation was approximately 
equal for all the tasks involved, the 
difference in expectation of reward 
was different for these three tasks. 
The lowest expectation of reward was 
present for the first variation of the 
perceptual task, noticing the lights, 
since Ss were not informed that the 
lights would go on or that lights had 
any significance. The expectation of 
reward from responses to the other 
two kinds of peripheral stimulation 
was greater, since Ss were instructed 
that their bonus would depend upon 
combined performance on both the 
central and the peripheral aspects of 
the task. 

Several factors probably are in- 
volved in the smaller differences in 
performance on the third variation of 
the peripheral task. The Ss who were 
offered a high incentive looked at the 
instrument pointer more frequently 
during the l-min. trial than did the 
low-incentive Ss. The third variation 
of the peripheral task actually had a 
greater effect on the combined task 


score than did the second variation, 
since it called for six (rather than 
three) responses, and required fine 
adjustive movements rather than 
gross reactions. Adjustment of the 
instrument pointer was actually a 
rather important aspect of the total 
task, and therefore, according to the 
hypothesis, should not have suffered 
greatly from high-incentive conditions. 


SUMMARY 


The experiment tested the hypoth- 
esis that an increase in incentive 
results in increased perceptual selec- 
tiveness favoring those parts of the 
stimulus field which are interpreted by 
the S as most relevant to the expected 
reward. 

A modified Buxton pursuit appa- 
ratus was used as a continuous central- 
tracking task. Three kinds of inter- 
mittent peripheral stimuli, differing 
both in the amount of relevance to 
reward expectations and in the facility 
with which they could be detected in 
peripheral vision, were employed. 

Two incentive conditions were used. 
The low-incentive condition was pro- 
duced by telling Ss that the trials were 
practice trials. The high-incentive 
condition was produced by offering a 
sliding-scale bonus, which ranged from 
5 cents to 3 dollars, for good per- 
formance. 

Results are in good agreement with 
the prediction that a condition of high 
incentive facilitates performance of a 
central task, but, in general, interferes 
with the performance of peripheral 
tasks. The detrimental results of the 
bonus upon responses to peripheral 
stimuli were greatest on the peripheral 
task in which expectation of reward 
can be assumed to have been the least. 


(Received May 5, 1952) 
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PLACING PRECISION AND ANGLE OF REGARD 


ARTHUR J. RIOPELLE AND THOMAS M. STRITCH 
Emory University 


Any attempt to specify conditions 
for optimal performance on perceptual- 
motor tasks must consider the visual 
conditions under which performance 
is tested. The angle with which S 
views the work surface and whether 
he views it monocularly or binocularly 
may well affect proficiency. This 
experiment studies the effects of these 
variables as reflected in performance 
on a perceptual-motor task. 

The pegboard task, requiring accu- 
rate and precise manipulations of small 
objects, is well suited for studying the 
effects of such conditions upon level 
of performance. Besides being simple 
to administer, the pegboard task also 
has the advantage of permitting S to 
reach a limit of ability within rela- 
tively few trials, thus emphasizing 
terminal performance rather than 
acquisition of skill. 


MeETHOD 


Apparatus.—The essential component of the 
apparatus was a pegboard mounted on an adjust- 
able table. The pegboard was 14 in. long and 
14 in. wide and contained four rows of ten peg- 
holes each. The pegholes, spaced 1 in. apart, 
were approximately 3.5 mm. in diameter and 
would easily accept the pegs which were 3 mm. 
in diameter and 1 in. long. Spare pegs were 
stored in a 3-in. by 2-in. bin located 3.5 in. below 
the bottom row of pegholes. 

Experimental design.—Eighteen viewing con- 
ditions were studied. Nine of the viewing con- 
ditions involved monocular vision whereas the 
remaining nine conditions involved binocular 
vision. The nine binocular conditions differed 
as to the angle with which the Ss viewed the 
pegboard surface. The angles selected for study 
were 0, 5, 10, 30, 45, 60, 80, 85, and 90 degrees, 
all measured from the plane of the pegboard. 
An angle of zero degrees indicates that the plane 
of the pegboard was at eye level parallel to the 
line of sight. Identical angles were used when 
testing under monocular vision. 

To each of the 18 viewing conditions was 


assigned a separate group of six Ss. The mem- 
bers of each group were tested under only one 
viewing condition. They were drawn from 
the undergraduate student body at Emory 
University. 

The experiment is thus arranged to form a 
two-row by nine-column factorial design. In 
addition to evaluating the significance of the two 
main effects, the significance of the interaction 
between these variables can also be determined. 

Procedure-—Upon entering the laboratory S 
was seated before a table bearing the pegboard 
and was asked to sit erect but not rigid. He was 
further enjoined to keep the back of his head in 
contact with a headrest. The height of the eye 
was then determined and the table bearing the 
pegboard was lowered to the distance required 
to produce the desired angle of regard and ad- 
justed so that S’s eyes were 400 mm. from the 
center of the pegboard. Goggles were then 
fitted to those Ss viewing the pegboard monoc- 
ularly. These goggles precluded vision with the 
left eye, but did not affect the vision of the other 
eye. 

Standard instructions were read to S asking 
him to take one peg from the bin and to place it 
into the upper-left hole and to continue in this 
manner proceeding from left to right across the 
top row, then the second row, and soon. Twelve 
trials of 30-sec. duration were given separated by 
30-sec. rest intervals. The S rested his hand on 
the near-right edge of the board during the rest 
interval. 


RESULTS 


The score on each trial for all Ss 
was the number of placements. The 
mean number of placements per trial 
was computed for each group. These 
values are portrayed graphically in 
Fig. 1. This figure shows two curves, 
one for each viewing condition. The 
abscissa of the figure denotes the angle 
included between the plane of the peg- 
board and the elevation of S’s eyes. 
The ordinate represents mean number 
of placements per trial. 

For both viewing conditions the 
level of performance increased with 
increasing angle of regard, reaching a 


407 





408 ARTHUR J. RIOPELLE AND THOMAS M. STRITCH 


maximum when S’s eyes were directly 
above the center of the pegboard. In 
addition, the binocular performance 
was consistently superior to the monoc- 
ular performance, although the superi- 
ority of performance is rather small 
over a major portion of the range of 
visual angles. Of special interest is 
the fact that monocular performance 
is markedly inferior at low angles of 
regard. 

The interpretations outlined above 
were supported by the statistical anal- 
ysis which revealed significant sources 
of variation due to angles of regard 
(.05 level) and viewing conditions (.05 
level). The mean squares for these 
components were tested against the 
mean square for interaction which was 
itself significant at the .01 level of con- 
fidence when tested against the mean 
square for replication. 


Discussion 


From the results presented three 
facts can be noted. First, pegboard 
performance was significantly related 
to angle of regard, efficiency of 
performance increasing with larger 
angles of regard. Second, binocular 
performance was superior to monocular 
performance for all angles of regard, 
and third, this superiority was greatest 
for small angles of regard. 

It is of interest to compare these 
results with the changes in optical 
stimulation which occur with changes 
in the angle with which a surface is 
viewed. Chief among these is the 
foreshortening of the surface with in- 
creasingslant. Just as theshadowofa 
circular object changes from a circular 
to an elongated, ellipsoid form on an 
increasingly slanting surface when 
illuminated by a single light source, so 
does the projection of a monocular 
“circle of confusion” change in form. 
This circle of confusion is measured in 
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ANGLE OF REGARD IN DEGREES 
Fic. 1. Monocular and binocular performance 
on a pegboard test at varying angles of regard. 
The zero degree angle indicates that the eye was 
level with the plane of the pegboard, whereas 
the 90 degree angle indicates that the eye was 
directly above the pegboard. 


terms of visual angle from the axis of 
sight. It might be anticipated that 
the greater the projection of the circle 
of confusion, the poorer would be the 
localizability of a hole on the surface. 

These same relations may be ex- 
tended to the case of binocular vision. 
Under this condition fixation of a point 
results in intersecting projections of 
the circles of confusion. The impor- 
tant area of these projections is the 
overlapping region, and performance 
should be inversely related to this 
area. The area of this projection will 
also increase with increasing slant of 
the pegboard surface but it will not 
increase as rapidly as a single projec- 
tion under monocular vision. Because 
of this relation binocular performance 
should be generally as good as monoc- 
ular performance and decidedly supe- 
rior to it at low angles of regard. 

The circle of confusion, the limits of 
which are probably set by visual 
acuity, has been assumed to be con- 
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stant throughout all conditions of this 
experiment. However, at high angles 
of regard, the general superiority of 
the binocular groups may reflect the 
superiority of binocular over monoc- 
ular acuity (2). The projection upon 
a textured surface of the circle of con- 
fusion, derived from visual-acuity con- 
siderations, however, may provide 
opportunities for other sources of infor- 
mation about localization to arise and 
such cues may restrict the effective 
region of uncertainty. Gradients of 
stimulation from the texture of the sur- 
face (1), horizontal and vertical head 
and eye movements, memory and kin- 
esthetic cues may well be important 
factors in determining proficiency of 
localizing responses. That these fac- 
tors may assume predominant roles 
under appropriate circumstances is 
suggested by the ability of our Ss to 
make some responses at zero angle of 
regard even though optical stimulation 
from the pegboard surface theoret- 
ically ceases. 


SUMMARY 


Eighteen groups of Ss were tested 
on a laboratory-constructed pegboard 


test. Nine of the groups viewed the 
pegboard monocularly and the remain- 
ing mine groups viewed the pegboard 
binocularly. The nine groups of each 
viewing condition were tested at nine 
angles of regard varying from zero to 
90 degrees, one group at each angle. 

For angles of regard greater than 
about 5 or 10 degrees, slight but con- 
sistently increasing proficiency of per- 
formance was found. At all angles 
of regard the binocular performance 
was superior to the monocular perform- 
ance. Furthermore, the difference 
in performance between the two view- 
ing conditions increased at very small 
angles of regard. 

The results are interpreted in rela- 
tion to the changes in optical stimula- 
tion accompanying variations in the 
angle of regard. 


(Received May 5, 1952) 
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EFFECT OF DISCRIMINATION REVERSAL ON HUMAN 


DISCRIMINATION LEARNING 


RICHARD D. WALK! 
Arlington, Virginia 


These experiments are concerned 
with a test of the continuity hypoth- 
esis, using human beings as Ss. Ani- 
mal experimentation has given sup- 
port for the gradualness of the learn- 
ing process, as continuity theory (15) 
maintains. Such research has shown 
that discrimination reversal, while the 
animals are responding in a chance 
fashion to the later-to-be-learned cues, 
definitely slows up learning (3, 5, 13, 
18). The fact that discrimination 
reversal slows up learning does not 
support the discontinuity view (9) 
that the animal learns by testing 
hypotheses and, while testing an incor- 
rect hypothesis, learns nothing of the 
finally-to-be-learned discrimination. 

Only one experiment had been pub- 
lished to test the continuity hypothesis 
on human Ss. Prentice (12) reversed 
one group after 20 trials and compared 
it with a group that had not been 
reversed. He secured continuity re- 
sults. The reversed group was ap- 
proximately 20 trials slower, in reach- 
ing the learning criterion, than was the 
nonreversed group. The 20-trial dif- 
ference, however, is the amount of 
reinforcement the reversed group 
received on the opposite principle to 
the one finally learned. Prentice 
interpreted his results as favoring 
neither a continuity nor discontinuity 


1This report is a portion of a dissertation 
submitted in partial fulfillment of the require- 
ments for the Ph.D. degree in the Department of 
Social Relations, Harvard University. The 
author wishes to acknowledge the direction of 
Dr. Richard L. Solomon in the conduct of this 
research. This research was supported by 
the Laboratory of Social Relations, Harvard 
University. 


position since there was no decrement 
beyond the 20-trials reinforcement the 
reversed group received on the oppo- 
site principle. This is a misinterpreta- 
tion of the original continuity-discon- 
tinuity controversy which followed 
from Lashley’s assertion that “. . 
the actual association is formed very 
quickly and... both the practice 
preceding and the errors following are 
irrelevant to the actual formation of 
the association” (10, p. 135). In 
other words, the correct hypothesis 
must appear suddenly; and the prin- 
ciple reinforced in preliminary training 
is of no consequence as long as the 
organism is not testing the correct 
hypothesis at the time of reversal. 
Prentice used verbal report as a meas- 
ure of “insight” and discarded from 
both groups those Ss testing the cor- 
rect hypothesis (“insight”) before 
Trial 20. According to discontinuity 
theory, there should have been no dif- 
ference in the speed of learning of his 
two groups. 

Prentice only presented the number 
of trials for each group to reach solu- 
tion. He presented no group-learning 
curves. Our experiments will present 
group-learning curves in order to de- 
termine whether there is a statistically 
significant decrement following rever- 
sal for a reversal group as compared to 
a nonreversal group. Such a decre- 
ment will be proof that learning has 
been taking place during the period 
prior to reversal and, hence, support 
the continuity view of discrimination 
learning. 

In addition to determining whether 
a decrement follows reversal for the 
experimental group we shall be inter- 
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ested in the following: (a) the effect 
of reversal on number of trials to reach 
correct solution; (b) the number of 
trials the decrement hypothesized for 
the experimental group lasts as com- 
pared to the control group; (c) the 
effect of discrimination reversal on 
group latencies; (d) hypothesis (ver- 
bal) behavior in the experiment. 


PROCEDURE 


A pparatus.—The S faced a black cardboard 
panel, 28 in. high and 22 in. wide, which rested 
on an ordinary table. In the center of the panel, 
133 in. up from the bottom, was cut an aperture 
7 in. long and 3 in. wide. A screen controlled 
by E could be lifted to expose two stimulus cards 
side by side in the aperture. Beside the aperture 
were two lights, one colored green (“right”) and 
one red (“wrong”). Buttons encased in hollow 
wooden handles were on the table and beside the 
hands of S. The button beside the right hand 
of S corresponded to the right-hand side of the 
apparatus, and vice versa. If the correct stim- 
ulus were in the right-hand side of the apparatus, 
for example, and S pushed the left button, the 
red light “wrong” would be illuminated. Choice 
of a stimulus by pushing one of the buttons also 
stopped an electric clock that was started when 
the aperture was opened. The E£ lowered the 
screen 1-2 sec. after S made his choice. The 
apparatus, thus, served two functions. — First, 
both E and S learned immediately whether each 
choice was correct or incorrect. Second, the 
latency of S’s response was available to E. 
While differing in details, the apparatus is grossly 
similar to those used by Buss (2), Marquardt 
(11), and Prentice (12). 

Stimulus presentation—The order in which 
each side of the aperture was correct was deter- 
mined by an order of restricted randomization. 
It was taken from a table of random numbers 
with the limitations that (a) one side of the 
aperture could be correct no more than four 
times in succession, and (b) each side of the 
aperture was to be correct ten times out of every 
20 trials. Three different orders of stimulus pre- 
sentation, each of 100 trials in length, were pre- 
pared. The same order of stimulus presentation 
was used in both experiments. 

In neither experiment were stimulus cards 
paired together at random. Rather, stimuli 
were paired together only when they differed in 
at least two characteristics in addition to the 
discriminating one. ‘This was to prevent S from 
attaining a quick solution because, if presented 
randomly, stimuli that were almost identical 


cxeept for the discriminating characteristic 
might have appeared together. 

Instructions—No prearranged instructions 
were read toS. The S sat down facing the panel 
and E opened the aperture exposing two sample 
stimuli different from those used in the experi- 
ment. In the course of his exposition, E tried 
to make clear that the “concept” S was seeking 
could be simple or complex, that it could be a 
relationship involving either the positive or the 
negative stimulus, and that it could depend on 
relative characteristics, absolute characteristics, 
the side of the aperture, or a combination of all 
of these. The S was also asked to verbalize his 
hypotheses from time to time because E was 
interested in “the process by which people solve 
problems.” The S was told to take as long a 
time on each trial as he wished, and also that the 
experiment would end if he verbalized the correct 
concept and, in addition, attained a certain num- 
ber of correct responses. 


Experiment I 

Purpose.—This experiment was designed to 
test some specific implications of the continuity 
hypothesis in a discrimination problem which, it 
was known from preliminary experimentation, 
no S would “solve.” However, it had been 
observed that Ss seemed to get more correct 
responses than chance, partly as a result of 
memory, and partly as a result of unverbalized 
“knowledge” of the underlying discriminable 
difference. It was therefore hypothesized that 
preliminary training on the same principle as 
that used in the final learning task should lead to 
some positive transfer effect. Furthermore, pre- 
liminary training on a principle opposite to that 
used in the final learning task should lead to a 
decremental effect on final learning. A control 
group, with no preliminary training, should serve 
as a check on how much is learned in preliminary 
training. Under these conditions, any decre- 
ment in the group with the reversed training, as 
compared to the other groups, would support the 
continuity hypothesis. 

Stimuli.—The stimuli were painted wooden 
blocks that varied in size, shape, and color. 
They were cemented in the center of 3 X 3}-in. 
white cardboard stimulus cards. The stimulus 
component chosen for reinforcement was an 
absolute height of } in., while heights of } and 
1} in. were “wrong.” A discriminable distance 
of 4 in. separated one height from the other. 
With this exception, the patterns in the blocks 
varied approximately at random. There were 
shapes, colors, and depths that were similar at 
each height, though notches and bevels were cut 
in blocks to make every shape discriminably dif- 
ferent. Hereafter, stimuli with a height of } in. 
will be referred to as 4-blocks, and those with a 
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TABLE 1 


StimuL_us ConpitTions 1n Expertment | 














| ae me : ; 
Group Condition | Pettey Sees Piet oes Sot 
I Positive transfer A-blocks positive A-blocks positive 
(100 different pairs) (50 pairs) 
II Negative transfer | B-blocks positive A-blocks positive 
| (100 pairs) (50 pairs) 
Ill Control | None A-blocks positive 


height of 3 or 1} in. will be referred to as B- 
blocks. 

One hundred and fifty different pairs of stim- 
uli were used. One hundred pairs of stimuli 
were used for preliminary training for Groups I 
and II. The other 50 pairs of stimuli were used 
by all groups for the final learning task. 

Subjects —The Ss were 30 students from Har- 
vard University and Radcliffe College. 

Experimental design.—The experimental de- 
sign is summarized in Table 1. One hundred 
trials were given to S in a I-hr. session, and no 
more than one experimental session was held per 
day. The Ss in Groups I and II had three 1-hr. 
experimental sessions and Ss in Group III had 
two I-hr. sessions. 

Since each S saw the 50 pairs of stimuli used 
in the final learning task four times, there was 
the possibility of memory for specific stimuli. 
The possibility of serial memory effects was con- 
trolled by starting each block of 50 trials at a 
different point in the stimulus order (with stim- 
ulus pairs No. 1, 13, 26, 37). A-blocks were also 
paired with two different B-blocks. The memory 
problem, however, is secondary since differences 
were predicated on the basis of the preliminary 
training. 


Experiment I] 

Purpose.—This experiment serves as a check 
on the results of the first experiment. This 
experiment used an easily solvable problem, and 
hence we could test not only for a decrement in 
the reversal group as compared with a nonreversal 
group but also test for the effect of reversal on 
the number of trials required to reach a correct 
solution. “Social” stimuli, photographs of a 
girl student, were used; and thus the extent to 
which “expressive behavior” components entered 
into S’s orientation to the discrimination-learning 
task could also be investigated. 

Stimuli.—Thirty-six different photographs of 
a Radcliffe undergraduate were used to construct 
the stimuli for this experiment.2_ She posed for 


2 The author wishes to thank Miss Elizabeth 
Bibber, Class of 1952 of Radcliffe College, for 


(50 pairs) 








24 different face and head positions by system- 
atically varying head, eye, and mouth poses. 
These poses were: head (left tilt, straight, right 
tilt), eyes (open, closed) and mouth (open, closed, 
smiling, not smiling). This is, thus, 3 (head) X 2 
(eyes) X 4 (mouth) or 24 head positions. The 
number of trunk positions was 10, by varying 
palm and hand positions. These were: palms 
(facing camera, facing rear) and hands (by side, 
horizontally out to side, halfway over head, fac- 
ing front at waist level, facing front at shoulder 
level). These make 2 (palm) X 5 (hand) or 10 
trunk positions. The E sliced the photographs 
approximately at shoulder level and combined 
the 24 head positions with the 10 trunk positions, 
making 240 different stimulus photographs. 
Sample stimuli are illustrated in Fig. 1. The 
photographs measured 4 X 3} in. It was neces- 
sary to enlarge the aperture in the panel of the 
apparatus from a height of 3 in. to one of 4 in. 
for this experiment. 

The concept of “mouth open, not smiling” 
was chosen to be of medium difficulty, and it 
appeared in 60 stimulus cards. Sixty negative 
stimuli were selected from the other mouth posi- 
tions: “smiling, mouth open” (20 stimuli), 
“smiling, mouth closed” (17 stimuli), “‘not smil- 
ing, mouth closed” (23 stimuli). The other 120 
photographs were not used in the experiment. 

Subjects.—The Ss were 60 students from Har- 
vard University and Radcliffe College. 

Experimental design.—For a balanced design, 
“mouth open, not smiling” was used both as a 
correct and as an incorrect concept. That is, 
half the Ss were reinforced for choosing “other 
mouth positions” as the correct stimuli. All Ss 
who had insight on Trial 20 or before were dis- 
carded for the test of the continuity hypothesis. 
A summary of the experimental design is pre- 
sented in Table 2. 

No S was retained in the experiment for a 
longer period than two I-hr. sessions of 60 trials 
each (120 trials). Since discrimination reversal 
would be used, for some Ss, after 20 trials, stim- 





posing for the photographs from which stimuli 
were made. 
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Fic. 1. A sample pair of stimulus photographs, showing “‘mouth open, no smile’’ compared to 


“mouth open, smiling” 


ulus pairs 1-20 were only shown to Sonce. The 
stimulus presentation order was: 
Trials 1-60 


Trials 61-100 
Trials 101-120 


Stimulus Pairs 1-60 
Stimulus Pairs 21-60 
Stimulus Pairs 21-40 


Of course, once S verbalized the correct hypoth- 
esis and achieved ten correct choices in succes- 
sion, the experiment was stopped. In this 
experiment, those Ss who got 23 out of 25 correct 
choices and had an hypothesis that was nearly 
correct were also stopped. 


RESULTS 


Experiment 1—An_ inspection of 
Fig. 2, where learning curves are 


plotted, shows that Group I is slightly 
superior to Groups II and III over the 
initial 25 trials of the final learning 
task. Group II, the reversal group, 
is apparently inferior to both Groups I 
and III for the initial 25 trials, but 
this decrement does not last any 
longer. The initial data, then, are in 
accordance with a continuity predic- 
tion; but an inspection of Fig. 2 also 
shows that the transfer lasts no longer. 
In Table 3 the means and SD’s for 
number of correct responses for all 
groups on Trials 1-50, and on Trials 


TABLE 2 


Stimu_us ConpiTions ror Experiment II 


Group Positive Stimulus 





N = 15 for each group 


Negative Stimulus 





I-A Straight learning 

I-B Straight learning 

II-A Discrimination reversal 
1. Trials 1-20 
2. Trials 21—n 

II-B Discrimination reversal 
1. Trials 1-20 

2. Trials 21-n 


Mouth open, no smile 
Other mouth positions 


Other mouth positions 
Mouth open, no smile 


Mouth open, no smile 
Other mouth positions 


Other mouth positions 
Mouth open, no smile 


Mouth open, no smile 
Other mouth positions 


Other mouth positions 
Mouth open, no smile 
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MEAN NUMBER OF CORRECT RESPONSES 





"6 n 26 3 76 101 «6126-15 7 
25 «50 7S 2 25 «650 75 «= 100 3 150 1% 200 


TRIALS 


Fic. 2. The mean number of correct responses 
during preliminary training and the final learning 
task: Exp. I 


51-200 of the final learning task, are 
presented. For Trials 1-50, Group II 
is inferior to Group I (with a non- 
significant t of 1.1, however), and the 
control group is superior to both. 
Transfer, if there is any, lasts no 
longer than the first 50 trials. After 
Trial 50 all groups are similar in per- 
formance, presumably because they 
have seen all of the stimuli once and 
should now be able to remember some 
of them. From Trial 51-200 all 
groups are similar in the number of 
correct responses attained. 
Cumulative correct responses, by 
one-trial intervals, were also plotted 
for Groups I and II, for Trials 1—50. 
The decrement for Group II started at 
about Trial 5 and was maximally 
operative around Trial 20. At this 
time the t value (Trials 1-20 for each 
group compared) is significant beyond 
the .05 level. Our prediction, how- 
ever, is only anchored at Trial 1 by our 


TABLE 3 


Mean Correct RESPONSES ON THE FINAL 
Learninc Task: Exp. I 








Trials 1-50 Trials 51-200 


Group N 





Mean SD Mean SD 


I 10 26.6 | 3.6 | 101.4} 14.4 
II 10 24.3 5.5 | 101.4] 18.5 
Ill 10 27.7 | 2.3 | 100.7 | 10.8 
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experimental operations. We had not 
predicted Trial 20 as the time of max- 
imal decrement. 

Mean log latencies for Groups I and 
II, whose experience in the experi- 
ment was similar, were computed for 
Trials 1-30 of the final learning task. 
Latencies of the two groups did not 
differ significantly. Reversal, appar- 
ently, does not change the response 
latencies. 

No S gave any indication in his verb- 
alized hypotheses that he was aware 
of reversal. Some Ss reported being 
able to pick the correct stimulus figure 
without being able to define the reason 
for it. This “learning without aware- 
ness’ was reported in preliminary 
experimentation and was the reason 
we continued experimentation even 
though Ss could not learn the concept. 
Ten of our 30 Ss reported using “‘intui- 
tion,” “‘vague feelings,” etc. that may 
let us infer some degree of “learning 
without awareness.’”’ A few sample 
hypotheses are given: 


Ba: “I just had a vague feeling for them.” 

Wo: “Just sat back and let an impression 
trickle through. This was the most 
successful.” 

Ho: “It is the strangest thing the way these 
develop an atmosphere of ‘rightness’ 
and ‘wrongness’ without any specific 
reason.” 


Experiment I].—In this experiment 
no S who had “insight,” that is, who 
was testing an hypothesis concerning 
mouth or facial expressions, was re- 
tained in the experimental test of the 
continuity hypothesis. Despite in- 
sight, however, experimentation con- 
tinued, though no “insightful” Ss 
were reversed. Table 4 shows the 
number in each group who had “‘in- 
sight” and the number who did not. 
Approximately two-thirds of the Ss in 
each group did not have insight and 
could be used to test the continuity 
hypothesis. The reader will note that 
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TABLE 4 


Tue Numser or Ss Wuo Hap “Insicutr”’ 
DURING TRIALS 1-20, AnD NuMBER oF 
Ss Remarninc Wuo So.vep 
THE PROBLEM 


























, Ss Ss Fa 
Showing = a Solving 
Group N “Insight” a ae Problem 
during Trial 20 after 
Trials 1-20 Trial 20 
LA | 15 SS 3 
I-B 15 5 10 4 
II-A 15 4 11 9 
II-B 15 6 9 2 
| 
Total| 60 21 39 18 
! 








not all “insightful” Ss attained enough 
correct responses to stop the ex- 
periment. 

Following reversal, Group II showed 
a definite decrement as compared with 
Group I. In Table 5 is presented the 
number of individuals in each group 
who are above and below chance for 
Trials 21-30. Fisher’s (4) exact test, 
to determine whether the reversal 
group is significantly different from 
the straight-learning group, yields a 
one-tailed probability of less than 
.005. Learning curves are presented 
in Fig. 3 for all groups. It can be 
seen that both reversal groups (II-A 
and II-B) are inferior to the straight- 
learning groups (I-A and I-B) for 


TABLE 5 
NuMBER oF Correct Responses ON TRIALS 
21-30 ror Ss Wuo Dip anv Dip Nor 
Have DiscrimInaTION REVERSAL 
on TRIAL 21 














Number of 
Correct Responses* 
Group 
4 or 5 or are 
Less More Total 
Straight learning 6 13 19 
Discrimination reversal 16 4 20 
Total 22 17 39 














*No Ss included who had “insight” during Trials 
1-20. 


Trials 21-30. It should be remem- 
bered that the only Ss considered are 
the ones who were not working on a 
component of the correct solution 
when they had reached Trial 20. 

As in the previous experiment, cum- 
ulative correct responses were plotted 
trial by trial for both groups. The 
decrement of Group II as compared 
with Group I lasted approximately 
10-12 trials. Mean log latencies for 
both groups were also plotted, and 
latencies did not change as a result of 
the reversal experience. 

No data can be presented on the 
effect of reversal on the attainment of 
a correct solution. This is because 
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TRIALS 


Fic. 3. The mean number of correct responses 
during training: Exp. II 


our two subgroups (I-A and I-B; 
II—-A and II-B) were not equivalent. 
A reinspection of Table 4 shows that 
9 out of 11 Ss in Group II-—A, a reversal 
group, solved the problem. This is a 
larger proportion than any other group. 
Did reversal introduce a “disinhibit- 
ing” effect which focused attention 
on the correct stimulus component? 
Blum and Blum (1) mention this as a 
possibility. The reason why we can- 
not infer this, and the reason why we 
cannot compute the effect of reversal 
on the attainment of a solution, is an 
interesting one. 

In Table 2 we gave the stimulus 
procedures for each subgroup. The 
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TABLE 6 


NumBer or Ss Wuo ATTAINED THE SOLUTION 











Stimulus Condition — — Total 
Mouth open, no smile 23 9 32 
Other mouth positions 10 18 28 

Total 33 27 60 











subgroups “A” had “mouth open, not 
smiling” as a positive stimulus (after 
Trial 20) while those subgroups ‘“B”’ 
had “mouth open, not smiling” as the 
negative stimulus. The positive stim- 
ulus for the “B” groups was three 
mouth positions. All groups had the 
same stimuli, as we mentioned before; 
only the reinforced stimulus differed. 

The results seem to indicate that 
having “‘mouth open, not smiling” as 
a positive stimulus is not the same as 
having it as a negative stimulus. In 
Table 6 we have presented the data, 
for all our Ss, on those who solved or 
did not solve the problem, comparing 
those with “mouth open, not smiling” 
as a positive stimulus with those with 
“other mouth positions” as a positive 
stimulus. Many more solutions were 
attained by Ss with “mouth open, not 
smiling” as the positive stimulus. To 
put the data in the form of Table 6, 
we considered the first 20 trials as 
separate from the trials beyond Trial 
20. An S with “insight” by Trial 20, 
it will be remembered, was treated as 
if he were in a straight-learning group. 
Without insight, an S either stayed in 
the same group (straight learning) or 
went into a new group (discrimination 
reversal). Since two more Ss in the 
“mouth open, not smiling” groups had 
“insight,” the final number of Ss is 32 
for this group as compared with 28 
forthe othergroup. By using Fisher’s 
exact test on the data of Table 6 the 
probability is .0103 (both-tails). 

One might ask, since 9 out of 11 in 
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reversal Group II—A solved the prob- 
lem, whether these results might be 
an artifact of the disinhibiting effects 
of reversal. We do not believe this 
to be the case because Group II-B, 
which also had discrimination rever- 
sal, had only two out of nine solve the 


problem (see Table 4). 


Further support for the difference of the 
“mouth open, not smiling” as a positive as com- 
pared to a negative stimulus comes from the 
number of Ss in each group with “insight” who 
achieved enough correct responses to stop the 
experiment. There were 12 Ss who had “in- 
sight” while “mouth open, not smiling” was a 
positive stimulus. Eleven of these solved the 
problem. Of the nine Ss with “insight” with 
“other mouth positions” as a positive stimulus 
only four attained enough correct responses to 
stop the experiment. 

Verbal hypothesis behavior also supports our 
contention that “mouth open, not smiling” dif- 
fered as a positive and as a negative stimulus. 
“Other mouth positions” had more partial solu- 
tions as illustrated by the following protocols: 


Zo: “When she is smiling it is right. Other- 
wise, I take arms bent so closer to face, 
but this does not work all the time.” 

Cu: “Smiling one always picked. If not 
smiling it depended on foot position. 


Ga: “Mouth had to be shut. When both 
mouths open, you just guessed.” 


From this analysis, then, it appears that we 
have four experimental groups instead of two. 
This precludes any intensive comparisons. To 
factor out the influence of reversal on the attain- 
ment of solution as well as the influence of 
“positive” and “negative” stimuli would require 
a new experiment. 

Only one S gave a hypothesis that seemed to 
show some “awareness” of the reversal relation- 
ship. He was reversed from “other mouth posi- 
tions” to “mouth open, no smile.” He showed 
practically no decrement, being in the group 
with five or more correct responses in Table 5, 
and he soon got all choices correct. After stating 
the correct hypothesis, he said, “‘you know for a 
while I steered away from the open mouth.” 
Even this was not completely correct because 
mouth “open, smiling” was correct before rever- 
sal. The only S who gave a hypothesis showing 
he may have had some awareness of discrimina- 
tion reversal is in the discrimination reversal, 5 
or more, category of Table 5. 

As in our previous experiment, Ss verbalized 
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about using “intuition” or “feelings’’ to aid in 
discriminative behavior. One S, well above 
chance, remarked, “Whenever I analyze it, I lose 
it.” (He later expressed the correct hypothesis. ) 
Another S§ reported, “That bunch I got right 
without realizing why. When I got one wrong, 
it disturbed me and I realized it was because 
both mouths were open.” 

We would expect that many Ss would use the 
“expressive behavior” of the photographs to 
orient their choices. A few sample protocols 
follow: 


Pie: Expression of face. Either she has a 
happy expression with a smile or a 
contented expression with eyes closed. 
When mouth open, it is not right as 
long as no contentment expressed. 

En: The other face looks happier. This 
one has a baffled, wornout look. 

Cr: Trial 10: I lean toward the one that is 
least vivacious, the one in a trance. 
(Insight, Group I-A.) 

Trial 90: Narrowed it down to con- 
centrating entirely on facial expres- 
sion. Most disjointed expression—I 
can’t seem to put my finger on a spe- 
cific trait. (14 choices correct at this 
point.) 

Trial 105: In borderline cases, I stick 
to imbecility rather than repose. (29 
correct in succession.) 

RG: Right one seems to be presenting a 
melancholy song or poem and wrong 
one is on the flirtatious or gay side. 


Discussion 


We sshall discuss the following 
results in the two experiments: (a) the 
decrement following discrimination 
reversal, (b) “learning without aware- 
ness,” and (c) the nonequivalence of 
the four experimental groups in Exp. 


Il. 


Our experiments seem to demonstrate that, 
with complex stimuli, cue reversal has a decre- 
mental effect on discrimination learning, there- 


fore supporting the continuity hypothesis. But 
this effect is not of long duration. 
How can we account for these results? The 


initial decrement favors the continuity position, 
but the absence of long-range effects does not 
support the continuity side. One difference 
between our human experimentation and pre- 
vious animal experiments concerns the number 
of stimulus components. When the discrimi- 
nation is reversed for the rat, for example, the 
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only stimulus component reversed is usually a 
fairly simple one. Black becomes white (18), 
for example, or horizontal patterns become ver- 
tical patterns (13). Our experiments have 
reversed far more than one stimulus component. 
In Exp. I, a height relationship was completely 
reversed but certain characteristics that concern 
color, shape, depth, and size were a large part of 
the total stimulus pattern. Random variations 
were continually “reversing” some aspects of 
the other stimulus components. Likewise, in 
Exp. II mouth positions are only a few of the 
varying stimulus components. Arms, hands, 
eyes, shadows, and other unknown components 
are always shifting in emphasis. Reversal of the 
dominant or correct stimulus component is only 
an accentuation of what is happening continually 
to other stimulus components, The effect, al- 
though definite, soon becomes mixed in with the 
welter of other stimulus dimensions. 

Another possible explanation comes in terms 
of the work of Spence (15) and Harlow (6). If 
Spence’s position is correct, and the tendency to 
respond to a stimulus is dependent on the acqui- 
sition of excitatory strength to the positive stim- 
ulus, we may posit that, in the experienced 
organism, excitatory tendencies to all stimulus 
components are initially at a fairly high level. 
The learning task cannot build up a large ini- 
tial increment. Reversal, then, does not make 
for a large proportionate change in excitatory 
strengths. The work of Harlow supports this 
type of interpretation. Reversal did not have 
large effects on his Ss, though a complicating 
factor was that his Ss were reversed after they 
had learned a task and had “learned” to reverse 
their habits. Spence’s position, then, might 
predict that the larger the initial excitatory 
strength to all stimulus components, the smaller 
will be the total decrement during presolution 
reversal. Reversal would always have a decre- 
mental effect, however. 

These two factors, the presence of a large 
number of stimulus components and the use of 
experienced organisms, may help explain the 
initial decrement together with a lack of long 
range effects. These results are in accordance 
with continuity theory, but also suggest that 
continuity theory might be broadened the- 
oretically to account for the type of situation we 
have used here. 

A second finding in our experiments, the pres- 
ence of “learning without awareness,” is not 
novel. The experiments were designed to test 
the continuity hypothesis and not to examine 
learning without awareness. The fact that so 
many of our Ss reported being able to choose the 
correct stimulus without being able to define the 
reason for it, led us to include some of their verbal 
hypotheses in our results. If Ss are reversed 
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and show a decrement in learning in comparison 
with another learning group, yet show no aware- 
ness of reversal in their hypotheses, they must 
have learned without awareness. The decre- 
ment following reversal seems to be proof that 
(a) they have learned, and (b) the absence of a 
verbal report denoting the reversal shows that 
this learning was without awareness. 

Our last result, the nonequivalence of the four 
experimental groups in Exp. II, deserves com- 
ment because of its implications for future 
research. The subgroups were not equivalent 
because, apparently, “mouth open, not smiling” 
was more effective as a positive stimulus than 
was 4 positive stimulus of three mouth positions 
when “mouth open, not smiling” was the nega- 
tive stimulus. This experiment seems to show 
the importance of the rewarded stimulus as com- 
pared to the negative stimulus. Broadly speak- 
ing, this is in accord with stimulus-response rein- 
forcement theory, with its emphasis upon reward; 
but attempts to analyze excitatory and inhibitory 
potential do not make a direct statement on the 
question. Hull (8) and Spence (16, 17) both 
make the inhibitory gradient in discrimination 
learning much weaker than the excitatory gra- 
dient. However, excitatory strength can be 
formed through learning contributed by either 
stimulus; that is, directly through reward or, 
indirectly, by learning to avoid the negative 
stimulus. Hilgard (7) made an algebraic anal- 
ysis of conditioned eyelid discrimination in 
humans. He solved equations to determine the 
influence of reinforcement, nonreinforcement, 
and voluntary positive and negative tendencies. 
The data gave negative tendencies such a small 
contribution that Hilgard mentioned the possi- 
bility of a strong initial negative tendency to 
conditioning that had to be overcome. 

The work of Smoke (14) on positive and nega- 
tive instances in concept learning is a related 
line of investigation, but not directly comparable 
to ours. Smoke let S know in advance which 
stimuli contained the correct concept and which 
did not. For simultaneous presentation, for 
instance, a large number of examples of the con- 
cept might be spread before S. His task would 
be to study the stimuli until he thought he knew 
the concept. Under these conditions, Ss found 
negative instances an aid in simultaneous presen- 
tation but confusing when presented successively. 
In our experiment the negative instance appeared 
to be less helpful than the positive instance. 


SUMMARY 


Two experiments were designed to 
test the continuity hypothesis of dis- 


crimination learning in human Ss. 
Experiment I consisted of a problem 
which Ss could not solve. The Ss 
with preliminary training to (a) the 
same principle, and (5) a principle 
opposite to that on a final learning 
task, were compared to a control 
group with no prior training. In 
Exp. II photographs of a girl were 
used as stimuli, and Ss solved a prob- 
lem concerning facial expressions. 
One group was reversed after 20 trials 
on the opposite principle. Only Ss 
without “insight” at the end of 20 
trials are considered in the test of the 
continuity hypothesis. 
The results are as follows: 


1. In both experiments a decrement 
for the reversal group was observed 
following discrimination reversal. 

2. In neither experiment was the 
decrement following reversal of long 
duration. 

3. In neither experiment were group 
latencies affected as a result of reversal, 
nor were Ss aware of reversal, as evi- 
denced in their verbalized hypotheses. 

4. In Exp. II the positive stimulus 
appeared to be much more important 
than the negative stimulus. This is 
interpreted as being in agreement with 
general stimulus-response reinforce- 
ment principles. 

5. The Ss reported the phenomenon 
of “learning without awareness” in 
both experiments. 

6. It is suggested that the decre- 
ment following reversal, with appar- 
ently no long-range effects, can be 
interpreted theoretically by taking 
account of (a) the number of stimulus 
components in a complex human visual 
discrimination, and (b) the back- 
ground of experience of the human 
organism in discrimination learning. 


(Received May 5, 1952) 
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REMINISCENCE IN A MANIPULATIVE TASK AS A 


FUNCTION OF WORK-SURFACE HEIGHT, 
PREREST PRACTICE, AND 
INTERPOLATED REST 
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Recent research on reminiscence in 
motor tasks indicates that amount of 
reminiscence is proportional to (a) 
length of interpolated rest (2, 10, 15), 
(6) number of prerest responses (2, 
10, 14), and (c) degree of massing of 
prerest practice (3, 13). Result (a) 
suggests that reminiscence can be 
attributed to the dissipation over rest 
of a performance depressant: results 
(b) and (c) suggest that this depres- 
sant is generated during prerest 
practice. A hypothetical perform- 
ance depressant (reactive inhibition, 
Ip) with these characteristics has been 
postulated by Hull (8, pp. 277-303) 
and summarized by a number of 
authors (12, 15, 18, 20, 21). Jr is 
defined as a response-produced nega- 
tive motivational state which has the 
property of dissipating spontaneously 
with time. The amount of Jz gener- 
ated by a sequence of responses is 
assumed to be directly proportional 
to both the number and effortfulness 
of responses. From such theory it 
would be expected that increases in 
task effortfulness should increase 
reminiscence. 

The pursuit-rotor experiment of 
Eckstrand (4) tests this prediction. 
Eckstrand varied effortfulness by 
requiring S to depress the stylus 
against varying amounts of spring 
tension, and failed to find significant 
differences between effortful condi- 
tions in either prerest performance or 
reminiscence. He attributes the pre- 


rest results to greater habit strength 
offsetting greater inhibition at the 
more effortful conditions, and suggests 
that conditioned inhibition may have 
deflated reminiscence measures from 
these conditions. 

The present experiment tests the 
prediction of proportionality between 
response effort and reminiscence for 
the case where effort is varied by 
manipulating work-surface height. In 
a previous experiment (6) it was found 
that a high work-surface height was 
most decremental to performance, 
while optimal performance occurred 
at a moderate height. If the high- 
height performance decrement is due 
to Ir, greater reminiscence should 
occur at the high height than at the 
moderate height. Amount of prerest 
practice and length of rest period are 
included to trace the generation and 
dissipation of Jz at the two heights. 


MeETHOD 


Experimental design.—The factorial design in- 
corporated the following levels of the three inde- 
pendent variables: (a) Work-surface height: 3 in. 
below (moderate height) and 8 in. above (high 
height) S’s elbow height; (b) Amount of prerest 
practice: 2, 8, and 16 min. of massed practice; 
(c) Rest-period length: 2 min., 10 min., and 24 hr. 

Subjects —The use of 180 Ss provided ten 
replications of the 18 experimental conditions 
required by such a design. The Ss were male 
volunteers from the introductory psychology 
course at Northwestern University during the 
winter and spring of 1950 and were randomly 
assigned to height conditions. However, they 
were assigned to practice-rest conditions within 
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heights so that these groups were comparable in 
initial ability. 

Apparatus and task.—Work-surface height 
was controlled by the adjustable work surface 
used in previous research (6). Mounted on the 
work surface were four eight-block rows of the 
Minnesota Rate of Manipulation Test. Gross 
postural shifts were minimized by requiring S to 
keep his feet within an 18 X 18-in. area delimited 
by 3-in. boards. Lighting was provided by a 
fluorescent lamp attached to the work surface. 

The S was required to use both hands in 
turning the blocks over in the holes. The task 
was performed by rows, with the direction of 
motion on a row systematically varying from 
left to right as S worked from the outer to the 
inner rows. When the last block on the inner 
row was turned, S reversed directions on that 
row and worked from inner toward outer rows. 
The S was instructed to avoid fumbling the 
blocks over and was not to rest his elbow on the 
work surface while performing the task. 

Procedure.—To avoid differential amount-of- 
work sets (16, 19), Ss were not told the length 
of either practice or rest periods. Following 
brief preliminary instructions and a demonstra- 
tion of desired work methods, S was given a 
64-block practice trial at the appropriate height. 
During this trial improper work methods were 
corrected. ‘The Ss were then instructed that the 
experiment involved “quite a bit of work” and 
were given an opportunity to withdraw. No S 
took advantage of this opportunity. 

During the ensuing massed practice, S was 
under instructions to work as fast as possible 
until E signalled a stop. Knowledge of results 
(blocks turned per minute) was given every 
minute. After completion of prerest practice, 
Ss in the 2- and 10-min. rest conditions rested in 
an outer room equipped with current magazines. 
The Ss receiving the 24-hr. rest were merely 
instructed to return to the laboratory at the 
appropriate time. 

At the close of the rest, all Ss were told that 
five more minutes of massed practice with 
knowledge of results would be required. Upon 
completion of this postrest practice, S was in- 
structed not to discuss the experiment with other 
students. 


REsuLtTs ! 


Basic data.—Prerest practice curves 
at the two heights are presented in 
Fig. 1.. The plotted points are per- 


1 The authors are indebted to Mr. Richard B. 
McHugh, of the Department of Psychology of 
Iowa State College, for his helpful advice on the 
statistical treatment of the data. 
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MINUTES OF PRE-REST PRACTICE 


Fic. 1. Prerest practice curves at the high and 
moderate work-surface heights 


formance means utilizing all available 
data: minutes 1-2 are based on all 180 
Ss (90 at each height); minutes 3-8 
are based on the 120 Ss (60 at each 
height) who received either 8 or 16 
min. of prerest practice; minutes 9-16 
are based on the 60 Ss (30 at each 
height) who received 16 min. of pre- 
rest practice. The linear equations 
are least-squares fits to these data. 

Although the high-height curve is 
considerably more variable in the later 
stages of practice,? prerest perform- 
ance level is comparable for the two 
heights. Analyses of variance per- 
formed at 2, 8, and 16 min. of practice 
indicate that no significant differences 
exist between performance at the two 
heights. These analyses also show 
that the various practice-rest groups 
within height conditions are compar- 
able in prerest performance. 

Postrest curves are plotted in Fig. 2, 
where it can be seen that: (a) increases 

2 This greater variability of the high-height 
practice curve would seem to support Kimble’s 
notion of inhibition-produced resting responses 


(12). It has been dealt with in a separate paper 


(S) which analyzed the prerest practice curves of 
the 60 Ss (30 at each height) who received 16 min. 
of prerest practice. Although the mean high- 
height curve is significantly more variable than 
the mean moderate-height curve, the heights do 
not differ in the variability of their underlying 
individual performance curves. Contrary to 
theoretical expectations, it appears that the 
greater variability of the mean high-height curve 
is due to greater correspondence between high- 
height Ss in the points in practice at which they 
experience performance peaks and depressions. 
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MINUTES OF PRACTICE AT MODERATE HEIGHT 


Fic. 2. Postrest practice curves at the moderate and high work-surface heights. 
represent the mean performance of ten Ss. 


prior to rest. The estimated practice curve is from Fig. 1. 


20 


Plotted points 


Unconnected points are the groups’ performance just 


in performance following rest appear 
in almost all groups; (4) the initial 
slope of the postrest curve differs 
between the groups; (c) a number of 
the curves rise throughout the post- 
rest practice period. 


Determination of reminiscence scores.—Remi- 
niscence can be defined as the difference between 
S’s actual postrest performance and his perfor- 
mance if he had not received a rest. In practice, 
this hypothetical no-rest performance must be 
estimated from either a control group which does 
not rest, or by extrapolating S’s prerest curve. 
For the control-group method, S’s reminiscence 
score at a particular minute of postrest practice 
(M;) would be defined by the equation: 


Reminiscence = (postrest performance at M;) 
at M; — (performance of control 
group at M;). 


The disadvantage of this equation is that it does 
not allow for individual differences in prerest 


performance, and thus will yield reminiscence 
scores with considerable error variance. 

A reminiscence score from the extrapolation 
method would be defined by the equation: 


Reminiscence = (postrest performance at M;) 
at M; — (performance from individu- 
ally-fitted prerest curve extra- 

polated to M;). 


While this equation does consider S’s prerest 
performance, it suffers from a number of disad- 
vantages: (a) the extrapolation may not be 
accurate, i.e., the prerest trend might not con- 
tinue if S were not given a rest; (b) individual 
curve fitting is laborious; (c) individual curve 
fitting would not be appropriate when only a few 
prerest points are available, as would be the case 
for the 60 Ss of the present experiment who 
received only 2 min. of prerest practice. 

The present study used a modification of the 
extrapolation method which seemed to remedy 
most of these disadvantages. Instead of fitting 
individual curves, extrapolation was based on the 
mean prerest curve. Thus, linear curves with 
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the slope of the curves fitted to the mean data of 
Fig. 1 were passed through S’s performance just 
prior to rest. A reminiscence score for each S 
was then determined by taking the difference 
between S’s actual postrest performance and the 
extrapolated linear curve. These operations are 
reflected in the equation: 


Reminiscence = (postrest performance at M;) 
at M; — (performance just prior to 
rest) — M;, (slope of curve fitted 
to mean prerest data: .62 for 
moderate height or .45 for 
high height). 


Scores computed by this equation showed 
approximately 50% less within-groups or error 
variance than scores computed by the control- 
group method. In addition, the curves of Fig. 1 
indicate that the extrapolation is reasonably 
accurate for Ss in the 2- and 8-min. practice 
conditions, since the prerest curves appear to be 
essentially linear from 2-16 min. of practice. 
The experiment does not furnish such a check 
for Ss in the 16-min. conditions, and thus there 
is a possibility of extrapolation errors and conse- 
quent reminiscence score bias for these Ss. 

The differing slopes of the postrest curves of 
Fig. 2 suggest that the reminiscence scores should 
be adjusted for warm up (9). For each of the 18 
groups a reminiscence—postrest practice function 
was plotted, and the three consecutive minutes 














TABLE 1 
Basic REMINISCENCE DaTA OF THE 
EXPERIMENT 
Experimental Condition Statistic 

Work- Amount Length Mean 

Surface Prerest oO! Rem. ou 

Height Practice Rest Score* 
Moderate | 2 min. 2 min. 3.45 | 1.51 
Moderate | 2 10 min. 8.13 | 1.10 
Moderate | 2 24 hr. 5.78 | 1.49 
High 2 2 min. 6.00 | 2.74 
High 2 10 min. 5.73 | 1.46 
High 2 24 hr. 6.16 | 1.10 
Moderate | 8 2 min. 5.39 | 1.26 
Moderate | 8 10 min. 9.80 | 2.65 
Moderate | 8 24 hr. 6.53 | 2.38 
High 8 2 min. 8.23 | 2.02 
High 8 10 min. 9.10 | 0.94 
High 8 24 hr. 5.96 | 1.80 
Moderate | 16 2 min. 4.74 | 0.92 
Moderate | 16 10 min. | 11.12 | 1.35 
Moderate*| 16 24 hr. 5.70 | 1.59 
High 16 2 min. | 13.40 | 2.41 
High 16 10 min. | 13.17 | 2.69 
High 16 24 hr. 7.67 | 2.63 

















* Reminiscence means are expressed in blocks turned 
per minute. 
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Fic. 3. Reminiscence-rest curves for various 
amounts of prerest practice at the high and mod- 
erate work-surface heights. Each point repre- 
sents the mean reminiscence score of ten Ss. 


of practice which yielded the most reminiscence 
for the particular group were determined. The 
S’s reminiscence score, adjusted for warm up, 
was then taken as his average reminiscence score 
during those 3 min. of postrest practice. Since 
these scores exhibited heterogeneity of variance 
which was not removed by a logarithmic trans- 
formation, ¢t tests based on Welch’s formulae (23) 
were used in treating the data. 

Reminiscence data.—Reminiscence means and 
variabilities for each of the 18 groups are arrayed 
in Table 1. The means are plotted in Fig. 3 in 
the form of reminiscence-rest functions at the 
various values of prerest practice and work- 
surface height. Applications of the ¢ test sup- 
port the conclusions that all reminiscence points 
are significantly greater than zero, and that the 
10-min. reminiscence points tend to be signifi- 
cantly greater than either the 2-min. or the 24- 
hr. points.’ 


These results are consistent with 
previous studies (2, 10, 15) which 
show that, for relatively short rests 
(10 min. or less), reminiscence in- 
creases with rest-period length. Such 
a result is expected from Jz theory, 
since the longer rests should allow 
more complete dissipation of Jz. The 
decreased reminiscence at long rests 


* Since the reminiscence means of Fig. 3 are 
based on independent groups of Ss, a procedure 
described by Kendall (11, pp. 132-134) may be 
used to generalize the various rest comparisons 
over practice and height conditions. Such a 
procedure yields the following probabilities of 
the hypothesis that the rest period means are 
identical: (a) For 10-min. rest vs. 2-min. rest: 
p < .01; (6) For 10-min. rest vs. 24-hr. rest: 
p = .05; (c) For 24hr. rest vs. 2-min. rest: 
p = .58. 
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Fic. 4. Reminiscence at optimal rest (peak 
reminiscence values of curves of Fig. 3) as a 
function of work-surface height and prerest 
practice. Each point represents the mean 
reminiscence score of ten Ss. 


(6 hr. or more) has also been obtained 
by Ammons (2). This decline may be 
tentatively attributed to forgetting 
depressing postrest measures at these 
long rests. 

The curves of Fig. 3 also suggest an 
interaction between height and rest: 
a 2-min. rest is generally sufficient to 
generate maximum high-height remi- 
niscence, while moderate-height remi- 
niscence requires at least a 10-min. rest 
to reach a maximum. In terms of 
inhibition theory, such results imply 
that high-height Jz is completely dis- 
sipated by shorter rests than moderate- 
height Jr. Compound t tests (signifi- 
cance of a difference between mean 
differences) were used to evaluate this 
aspect of the data by testing the 
hypothesis that the 2-10 min. rest 
reminiscence increase is identical for 
both heights. This hypothesis could 
be tested with the data from the 2-, 
8-, or 16-min. practice conditions. 
Although none of these three #’s were 
significant, their combined probability 
(obtained by using Kendall’s proce- 
dure noted in footnote 3) was .14. 

This result is suggestive. If subse- 
quent research indicates that Jz at 
more effortful conditions dissipates 
more quickly, a problem would be 
posed for inhibition theories which 
assume that greater amounts of Jr 
require longer rests for complete dis- 
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sipation (1, p. 276). The tendency 
toward faster dissipation of high- 
height Jz was allowed for in the 
critical height comparisons by using 
points of maximum reminiscence from 
each reminiscence-rest curve. 

These maximum reminiscence val- 
ues are plotted as a function of height 
and practice in Fig. 4. It is apparent 
that the predicted greater high-height 
reminiscence fails to materialize; only 
one of the three high-height reminis- 
cence points falls above the compar- 
able moderate-height value. The t 
tests of Table 2 support the conclusion 
that reminiscence is comparable at the 
two work-surface heights, and that the 
increased reminiscence for longer prac- 
tice periods is significant. 

The reminiscence-practice functions 
of Fig. 4 do not exhibit the decrease 
in reminiscence after approximately 
10-min. practice which characterizes 
previous results (2, 10, 12) and which 
has been attributed to losses in moti- 
vation late in practice (12). A pos- 


TABLE 2 


t CoMPARISONS OF THE REMINISCENCE 
Means oF Fic. 4 











= - 
Qa a 
Comparison S a dfe tb 
g | § 
2 a 
High-height minus 
moderate-height 
reminiscence 
2-min. practice —1.97 | 1.56 | 18 | —1.26 
8 —0.70 | 2.82 | 12 | —0.25 
16 2.28 | 2.76 | 15 0.83 
Reminiscence at 16 min. 
minus reminiscence 
at 2-min. practice 
Moderate height 2.99} 1.75 | 18 1.71 
High height 7.24 | 2.66 | 18 2.73* 

















@ Calculated by Welch's formulae (23). 

+ One-tailed tests (17) used for testing high-height 
minus moderate-height reminiscence; two-tailed tests 
used for testing 16-min. minus 2-min. reminiscence. In 
the latter case, Kendall's procedure (11, 132-134) yields 
a probability of 0.02 for the null hypothesis for both 
heights combined. 

*¢ significant at the 5% level of confidence, i.e., 
greater than 2.10. 
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sible explanation of the continued rise 
of our reminiscence-practice function 
is that the frequent knowledge-of- 
results incentive maintained S’s moti- 
vational level throughout the practice 
period. 

Discussion 


Reminiscence in the block-turning 
task has been shown to be directly 
related to amount of prerest practice 
and length of rest interval. In gen- 
eral, these results confirm previous 
findings for various kinds of motor 
tasks and are consistent with expec- 
tations from Jz theory. However, in 
neither prerest performance nor remi- 
niscence has work-surface height been 
a differentiating variable. These find- 
ings are not consistent with theoretical 
expectations. It will be recalled that 
Tp theory predicts a proportionality 
between task effortfulness and Jp. 
Following from this is the expectation 
that performance should be poorer and 
reminiscence should be greater for the 
high height than for the moderate 
height. 


The failure to find differences in prerest per- 
formance for the two heights also contradicts the 
previous study (6) in which high-height perfor- 
mance was found to be poorer than moderate- 
height performance. There are several methodo- 
logical differences between the two studies which 
may account for this contradiction. (a) The 
previous study utilized a latin-square design in 
which each S served at several heights. This 
might allow for certain height sets to develop 
which could depress high-height performance. 
(b) The two studies differ in factors influencing 
motivation. In the previous study knowledge of 
results was given after each 3-min. work period 
while in the present study such knowledge was 
given after each l-min. work period. Also, Ss 
in the previous study were fully informed of the 
purpose of the experiment and the conditions 
under which they were to work. The Ss in the 
present study were in a much more demanding 
situation. Their only information was that they 
were required to work for some indefinite period 
of time at a task which apparently was so stress- 
ful that E gave them an initial opportunity to 
withdraw from the experiment. (c) In the pre- 
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vious study 3 min. of work was followed by 2 
min. of rest while, in the present study, work was 
continuous. Assumptions about the rate of 
development and dissipation of Jz as a function 
of height could be made which would account for 
performance differences in the previous study 
and not in the present one. 


Without additional research there 
is no way of determining which of 
these differences between the two 
experiments are critical and conse- 
quently what interpretation should be 
placed on the height variable. In the 
absence of such research, we can point 
up alternative interpretations of the 
height variable, and then note the 
theoretical implications of the pres- 
ent study’s results under these inter- 


pretations. 
Alternative interpretations of the 
height variable—The interpretation 


that height does not influence either 
effort or inhibition is rejected at the 
outset. It is our presumption from 
observing our Ss that the high-height 
task was more difficult and more 
effortful than the moderate-height 
task. Profanity, requests to stop 
work, agonized facial expressions, and 
hostile verbal comments were fre- 
quently observed for high-height Ss 
and rarely for moderate-height Ss. 
A second interpretation is that 
height influences effortfulness but not 
inhibition. This merits considera- 
tion. The antagonistic behavior of 
our high-height Ss would be attributed 
to effortfulness, while the failure of 
the high height to depress performance 
and enhance reminiscence would be 
consistent with the notion of equal 
inhibition. This is a parsimonious 
interpretation since it rests on the 
principle that differential amounts of 
Ip can only be inferred from acquisi- 
tion and retention data. The diffi- 
culty with the interpretation is the 
discontinuity between the effortful 
and inhibitional effects of height which 
it assumes. However, there may bea 
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good reason for this apparently awk- 
ward discontinuity. In the previous 
study, Ss localized high-height mus- 
cular strain primarily in the back and 
upper arms (6, p. 293). Thus high- 
height effortfulness could be localized 
in muscle systems so distant from the 
wrist and finger muscle systems in- 
volved in the block-turning response 
that its inhibitional effects on the 
response are negligible. 

A final possibility is that height 
influences both effort and inhibition. 
Such an interpretation requires an 
explanation of why neither perform- 
ance nor reminiscence was influenced 
by height in the present study. There 
are two factors which could be in- 
voked: the high height may have had 
greater habit strength or greater moti- 
vation associated with it in the present 
study. Either of these factors could 
have offset the greater high-height 
inhibition. 

Theoretical implications of results 
under alternative interpretations of the 
height variable.—If it is assumed that 
the height variable influences effort, 
but not inhibition, the results of the 
present study would not be considered 
critical for inhibition theory. To our 
knowledge, there is no case in the 
literature on motor learning in which 
equal acquisition curves were followed 
by unequal amounts of reminiscence. 
Therefore, having shown that work- 
surface height differences did not ap- 
preciably influence acquisition, we 
might not expect differences in remi- 
niscence for the two heights. 

If, on the other hand, it is assumed 
that the height variable does influence 
both effort and inhibition, then the 
results of the present study could be 
viewed as inconsistent with inhibition 
theory. This would be true irrespec- 
tive of whether habit strength or moti- 
vation is advanced as the factor which 
concealed the high height’s greater 
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inhibition prior to rest. If habit 
strength is used, then, according to 
theory, the inhibition should dissipate 
over rest leaving the high height with 
superior postrest performance and 
consequently greater reminiscence. A 
similar argument can be advanced for 
motivation. Current inhibition the- 
ory assumes (13, p. 500), with some 
empirical basis (14, 22), that more 
highly motivated Ss will tolerate more 
Iz and hence show more reminiscence. 
If greater high-height motivation is 
used to explain the prerest results, it 
follows that greater high-height remi- 
niscence would be the theoretical 
expectation. 

This contradiction could be removed 
by invoking conditioned inhibition (a 
permanent form of inhibition; or, a 
learned resting response as described 
by Kimble (12)). If it is assumed 
that conditioned inhibition is greater 
at the high height than at the mod- 
erate height, the failure to find greater 
reminiscence for the high-height group 
could be handled. We are not par- 
ticularly impressed by this explana- 
tion because the usefulness of the 
conditioned inhibition construct has 
yet to be adequately demonstrated. 

In summary, then, we conclude that 
we have found no evidence for a pro- 
portionality between effortfulness of 
task and amount of inhibition. This 
finding appears to pose difficulties for 
inhibition theory, although it is pos- 
sible that our method of varying 
effortfulness is inappropriate. How- 
ever, the finding seems to have some 
generality in view of Eckstrand’s (4) 
and Helmick’s (7) comparable results 
with the pursuit rotor. 


SUMMARY 


An experiment was performed to 
test the applicability of the Hullian 
reactive inhibition construct to per- 
formance decrements previously ob- 
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tained in a block-turning task at high 
work-surface heights. To test the 
prediction of greater high- than mod- 
erate-height reminiscence, pre- and 
postrest performance measures were 
obtained from 180 Ss working under 
various conditions of amount of pre- 
rest practice (2, 8, 16 min.) and rest- 
period length (2 min., 10 min., 24 hr.) 
at the two heights. The major results: 


1. The high and moderate heights 
were equivalent in  prerest per- 
formance. 

2. The high and moderate heights 
were equivalent in reminiscence. 

3. For both heights, reminiscence 
increased with increases in amount of 
prerest practice. 

4. For both heights, reminiscence 


was markedly decreased at the long 
(24 hr.) rest. 


While the last two results were con- 
sistent with inhibition theory and 
previous research, the first two results 
could not be handled readily within 
such a framework. 


(Received May 9, 1952) 
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FAILURES OF ATTENTION IN SELECTIVE LISTENING 


D. E. BROADBENT? 
Medical Research Council, Applied Psychology Research Unit, Cambridge, England 


In a previous paper (3), it was shown 
that identification of the correct voice 
to listen to, in a babel, was sometimes 
more difficult than listening to it once 
it was known. Three points of inter- 
est arose from this work: first, that 
continuously listening to one voice 
appeared in those results to be no 
easier than changing from voice to 
voice in obedience to a visual cue. 
Yet it was felt that repeated altera- 
tions in the complex stimulus to be 
selected should afford more oppor- 
tunities for failure in correct selection. 
Second, even when the correct voice 
was known there still occurred many 
failures to answer it correctly. It was 
possible that these failures were simply 
due to masking, and would have 
occurred even if the other voice had 
been a meaningless noise: other work- 
ers have given evidence to show that 
the meaning of irrelevant masking 
speech does not increase its effect on 
intelligibility (6). Yet this seemed 
unlikely from introspection. Third, 
it was of interest that two simultane- 
ous streams of information could not 
be stored until it became evident 
which was relevant. Is this difficulty 
dependent on the simultaneity of the 
sounds at the ear, or rather on a need 
for sequences of related items to be 
kept separate perceptually? 

The following experiments help to 
clarify all these points, and are linked 
by a common feature, namely, that 
even when there is a nonauditory 
indication of the voice to be listened 


1 This work was carried out while the author 
was in receipt of a grant from the British Medical 
Research Council, and thanks are due to the 
Royal Navy both for supplying Ss and for pro- 
viding technical equipment. 
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to, mistakes may appear which can be 
ascribed to failure to select the rele- 
vant from amongst the irrelevant in- 
formation (failures of attention). 


PROCEDURE 


The general procedure of the two previous 
papers was adopted (2, 3); that is, S was asked a 
series of Yes-No questions from the loudspeaker 
of a tape recorder about a visual display. The 
recorder was the Ferrograph Type C used in the 
latter report, and the minor details were the 
same. The form of the questions was altered in 
this case, however, to ensure that every word was 
essential to the meaning. To bring this about 
each of the five numbered sections of the visual 
display carried two conventional objects, and a 
question consisted simply of the names of two 
objects and the number of a section: for example, 
“Square Cross 3.” This was interpreted as “Is 
there a Square and a Cross on Section 3?” The 
S answered “Yes” or “No” accordingly. The 
questioner gave his own name (GDO or Turret) 
before each of the questions, and S put the same 
name before his answer. Thus the full dialogue 
might be “GDO Heart Circle 2,” with the answer, 
“GDO No.” All Ss were trained to proficiency 
in this routine on the day before the experiment 
proper. 

Group I (20 Ss) received two sequences of 
questions of this type, with the complication that 
two messages always started synchronously, one 
from each voice. The part of GDO was always 
read by one voice and that of Turret by the other. 
In one sequence S was told always to answer one 
voice (GDO for half the Ss and Turret for the 
other half), while in the other sequence the names 
of the two questioners formed part of the visual 
display and E indicated before each question 
which voice was to be answered. The situation 
differed from that of Group II of the last paper 
(3), in that the sequences of questions used were 
much longer, containing 48 pairs of simultaneous 
questions instead of 12. 

It should be noted that in all other groups of 
the present paper a sequence consisted of 24 pairs 
of questions. 

Group II (14 Ss) received two sequences in 
which they were required to listen to two ques- 
tions completely before answering them both. 
In one sequence one voice asked a question, then 
the other asked one, and then there was a gap 
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TABLE 1 

Layout or Messaces or Dirrerent Tyres 
Voice I GDO Heart Cross One 
Voice II | Turret Circle Square Two Type X 
Subject GDO Yes 
Voice I GDO Heart Cross One 
Voice II Turret Circle Square Two Type A 
Subject GDO Yes Turret No 
Voice I GDO Heart Cross One 
Voice II Turret Circle Square Two Type B 
Subject GDO Yes Turret No 








for the two answers before the cycle was repeated 
(Type A in Table 1). In the other sequence 
alternate words were heard from the two voices, 
until both questions were complete and then a 
gap was left for the two answers before the cycle 
was repeated (Type B in Table 1). The rate of 
speech was approximately the same in both 
sequences, if anything, the Type A one being 
faster. 

Group III (12 Ss) heard the same questions as 
Group II, but were told only to answer one voice. 
In all cases this was GDO, who was slightly the 
less intelligible. 

Group IV (10 Ss) received as one sequence of 
questions the Type B (alternate word) sequence 
of Group II, with instructions only to answer 
GDO. As another sequence, they received a 
series of Type B questions in which the parts 
both of GDO and Turret were spoken by the 
same voice (GDO in the other series). Care was 
taken to ensure similar timing in the two record- 
ings. Again Ss were instructed only to answer 
the questions having the call-sign GDO. 

Group V (12 Ss) received the Type B (alter- 
nate word) sequence of Group II with instruc- 
tions only to answer one voice (GDO for half the 
group and Turret for the other half). They also 
received a similar series in which the two voices 
changed roles in random fashion from question 
to question, each being sometimes GDO and 
sometimes Turret. Each question, however, was 
spoken by one voice throughout. Again Ss were 
instructed only to answer questions from one 
source, those who answered GDO in the other 
sequence having to answer GDO in this one, and 
those who answered Turret having to answer 
Turret. 

In every group the order of conditions was 
reversed on alternate Ss. Groups II and III 
were composed of Ss who had served in Group I 
24 hours previously: Group I is smaller than the 
sum of these groups because the results for 6 Ss 
were discarded owing to failure of the response 


recording system (unknown to S). Otherwise 
all groups were of different individuals. All Ss 
were naval ratings aged between 19 and 30, and 
as in the two previous reports, the degrees of 
difference between the different conditions did 
not appear to be related to their Service trades. 


RESULTS 


Maintaining and shifting attention.— 
The main results for each group are 
presented in Table 2. In Group I the 
condition for listening steadily to one 
voice was compared with that of 
changing repeatedly from voice to 
voice in obedience to a visual signal. 
In the former case half the group 
listened to GDO and half to Turret. 
Considering only the first half of each 
sequence, we find no significant differ- 
ence between the two conditions 
(p > .05). There is, however, a sig- 
nificant practice effect (not shown in 
Table 2), (.01 < p < .05). These re- 
sults agree with those from the shorter 
sequences used in the last report. 
When we consider the second half of 
each sequence, however, the practice 
effect disappears (p > .05) and the 
condition of listening steadily to one 
voice is quite clearly better than that of 
shifting (p < .001). 

A possible reason for the absence of 
this difference at low levels of practice 
is that a voice must be heard for more 
than a dozen or so messages before its 
characteristics are sufficiently well 








D. 





E. BROADBENT 


TABLE 2 


Conpitions GIVEN TO THE DiFFERENT Groups 
































7 anger 
Conditions of Mistakes Festenaing 
Group| n Better 
a b a 6 
I 20 || Type X messages; listen to | Type X messages; listen to | Early in 
one voice throughout one voice in each message, | _ run: 14| 16 
series. but change from voice to | Late in 
voice between messages in| run: 9| 19 
obedience to visual cue. 
II | 14 | Type A: answer both voices.| Type B: answer both voices. 31 | 63 
III | 12 | Type A: answer only GDO. | Type B: answer only GDO. 0; 10 
IV | 10 | Type B: answer only GDO: | Type B: answer only GDO: 16 | 42 
voice of Turret differs from| voice of Turret the same as 
that of GDO. that of GDO. 
V 6 | Type B: answer only GDO: | Type B: answer only GDO: 12 | 14 
voice of Turret differs from} within each message voice 
that of GDO; same voice| of Turret different to that 
always has same call sign. | of GDO, but voices change 
roles between messages 
6 | As above, but answer only | As above, but answer only 
| Turret. Turret. 




















The variance being highly unstable in these results, tau ranking techniques were used to assess significance, 
and the number of Ss performing better in each condition is given above as a guide to the reader. Where Column 7 
+ Column 8 < 2, the remaining Ss showed no difference between conditions. 


learned for it to be positively identified 
immediately after a pause. Conse- 
quently in a series of messages from a 
strange voice identification must be 
re-established in every message and 
the situation is essentially similar to 
that of shifting from voice to voice. 
Further evidence on this point appears 
in the results from Group V. 

Mixed and separated messages.—In 
Group II there was no actual over- 
lapping of the sounds being listened 
to, in so far as words from two voices 
did not occur at the same time. But 
in one condition (Type A) the sequence 
of related sounds forming each message 
was continuous in time, while in the 
other (Type B) each word was sepa- 
rated from the next by a word from 
another message. Although in both 
cases no answer was to be given until 


both messages had been completed, it 
is far easier to answer two messages 
which occupy different periods of time 
than to answer two which occupy scat- 
tered portions of the same period (p 
< .001). A mistake in Table 2 is a 
case in which at least one of the two 
messages was not answered correctly. 
It will be noted that on the Type B 
questions only a few more than the 
chance score of one in four are correct. 
Consequently it seems that the ex- 
treme difficulty of listening to two 
voices at once (3) need not be due to 
the actual simultaneity of the sounds, 
but would arise in any case from the 
intermingling of the messages. 
Irrelevant speech inside and outside 
the sequence.—Group III received the 
same two conditions as Group II, ex- 
cept that everything said by ““Turret’’ 
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was to be ignored, and only that ques- 
tion, in each pair, which was said by 
“GDO” was to be answered. It is 
hardly surprising that in each condi- 
tion these questions were much more 
often answered correctly by Group III 
than by Group II: for each type 
? < .0001. 

Less obvious is the finding that even 
when one voice is to be neglected, 
Type A is easier than Type B (p<.01), 
that is, irrelevant speech produces a defi- 
nite effect when it occurs between the 
sections of a relevant message, as com- 
pared with the effect of presenting 
such speech before or after the rele- 
vant message. It seems likely, then, 
that some of the failures in listening 
to one message in the presence of 
another irrelevant one are not due to 
masking, since they still occur even 
when there is no overlapping of sound. 

The cues used in discarding irrelevant 
information.—In Group IV we are 
comparing the condition of listening 
to messages in one voice while ignoring 
intruding words from another voice, 
with the condition of listening to mes- 
sages while ignoring intruding words 
in the same voice. The latter is far 
harder than the former (p < .01). In 
Group V, on the other hand, we com- 
pare two conditions of listening to the 
message following a particular call- 
sign, while ignoring intruding words 
in another voice. In one condition, 
the call-sign always belongs to a par- 
ticular voice, while in the other condi- 
tion, the voice using the call-sign 
changes randomly from question to 
question. There is no evidence in the 
present results that these two condi- 
tions differ at this low level of prac- 
tice (p > .05). This supports the sug- 
gestion. made earlier that when an 
unfamiliar voice is speaking a series of 
messages, it must be identified by the 
listener at the beginning of each mes- 
sage. At the same time it is clear 


from the results in Group IV that 
discarding of irrelevant information 
does not take place solely on the basis 
of the time relations between different 
sounds; voice characteristics form a 
valuable additional cue. 


Discussion 


These results have various practical 
implications, such as the reduction of 
speech chatter in control rooms even 
though it is not actually masking the 
desired signal. More generally, they 
confirm that the process of selecting 
part of the presented sounds for anal- 
ysis and response (which was shown 
to exist in (3), is not infallible and may 
lead to errors distinguishable from 
those due to masking. On the one 
hand difficulties which appear in 
changing the voice to be selected do 
not occur when one voice is always to 
be selected, and so cannot be due to 
simple masking; and on the other hand 
irrelevant information increases errors, 
presumably because it is not discarded, 
even though it is not simultaneous 
with the relevant information. It is 
likely that such errors will appear only 
when some fairly similar irrelevant 
stimulation is present to render selec- 
tion difficult; the data from Group IV 
show that increasing the similarity 
decreases the efficiency of selection. 

It will be recalled that it was 
pointed out (2) that classical work on 
“distraction” usually presented some 
irrelevant stimulus both with the 
stimulus for the task concerned and 
during the process of organizing 
responses to the task. The paper 
referred to separated the latter of 
these two conditions and showed that 
a significant effect could only be found 
when the “distracting” stimulus had 
some importance for S. Irrelevant 
messages showed no effect on simul- 
taneous speech. In the present work, 
however, we have been considering 








overlapping of stimulation rather than 
overlapping between stimulus and 
response, and the effects are far more 
serious. Even irrelevant messages 
produce an effect although they are 
not strictly simultaneous (Group III). 
It seems probable that the confusing 
character of existing results on “dis- 
traction”’ is partly due to inadequate 
separation of the two conditions dealt 
with earlier (2) and in the present 
paper. 

One of the statements common in 
older work is that attention can only 
be given to one task at once, but that 
two or more tasks can be performed 
by rapid alternation of attention (8, 
p. 708 f.). The results from Group II 
place a serious limitation on this state- 
ment. They also pose the additional 
problem of understanding why se- 
quences of related stimuli cannot be 
allowed to interweave in this manner. 
It is worth reminding the reader of the 
fact that the number of possible mes- 
sages formed by a sequence of n signals 
is far greater than m times the number 
possible for one signal (7): this is, of 
course, why information is conven- 
tionally defined as a logarithmic func- 
tion. Much of the meaning of a 
spoken word is not contained in the 
word itself but in its relation to pre- 
ceding and succeeding words. If, 
then, there is a limit to the informa- 
tional capacity of the perceptual mech- 
anism, and fresh stimulation must be 
neglected when this capacity is already 
being utilized (as the previous work 
strongly suggests), it is reasonable 
that the limit should be reached by 
the message as a whole and not by 
individual words. Extra words occur- 
ring between the words of a sequence 
find the listener already dealing with 
nearly as much information as he does 
at the actual instant of hearing a 
word. 

Indeed, speech is only a special case 
of a principle which may apply to all 
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tasks. A stimulus of any kind often 
contributes most information by its 
position in a stream of stimuli and 
not by its isolated occurrence (1). 
Thus, if a person is required to deal 
with two streams of signals there is an 
effect on his performance which is not 
the same as that of doubling the rate 
of arrival of signals in a single stream 
(4,5). The particular case of speech 
is interesting, however, because it ex- 
cludes such factors as eye movements. 


SUMMARY 


The present paper contains a series 
of experiments on the selection out of a 
mass of speech of parts which are rele- 
vant. Group I found it easier to 
listen steadily to one voice in a mix- 
ture rather than change from voice to 
voice in obedience to a visual cue. 
This applied only when the voices 
were familiar, so that one may suspect 
that an unfamiliar voice has to be re- 
identified every time it speaks. 

Group II was required to listen to 
two questions and then answer them 
both before the cycle was repeated. 
In one case, the questions followed one 
another in time, while in another, 
alternate words were heard from each 
voice. The latter condition was far 
harder, showing that the difficulty of 
listening to two messages at once is 
not purely a matter of difficulty in 
hearing (masking). 

Group III met the same conditions 
as those in Group II, but were only 
expected to answer one of the two 
questions. The alternate word con- 
dition was still the harder, so that 
neglect even of irrelevant information 
is not perfect in this case. 

Two groups of Ss underwent the 
conditions of Group III with varia- 
tions in the vocal cues available for 
discarding the irrelevant information. 
It appeared that if the same voice 
read both relevant and irrelevant 
words, it was harder to answer the 
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relevant ones than if different voices 
read the two types of information. 
On the other hand, when the voice 
using the call-sign to be answered 
varied randomly from question to 
question, performance was as good as 
when the same voice used the call-sign 
throughout the session. This also 
seems to indicate that reidentification 
occurs in every message with an un- 
familiar voice. 

These results have certain impli- 
cations for the arrangement of com- 
munications centers; they are also 
related both to earlier work on dis- 
traction and to modern studies of load 
stress. 


(Received May 26, 1952) 
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SITUATIONAL INSTRUCTIONS AND TASK ORDER 


IN RECALL FOR COMPLETED AND 
INTERRUPTED TASKS! 


DAVID G. HAYS 


Harvard University 


Zeigarnik discovered in 1927 that, 
in general, interrupted tasks are re- 
called more frequently than completed 
tasks (9). She also found that upon 
interpolation of an emotional situation 
between task performance and recall, 
completed tasks were recalled more 
frequently than interrupted tasks. 
Later work with interrupted tasks has 
tended to follow one of three or more 
lines. (a) Following Zeigarnik, re- 
searchers of the Lewinian school have 
performed experiments and written 
reviews which applied their explana- 
tory concepts to the area (e.g., 3, 4). 
(b) Experimental psychologists have 
sought to make more precise specifi- 
cations of the conditions relating to 
the “‘Zeigarnik effect” (e.g., 2, 5, 6). 
(c) More recently, “‘personality” vari- 
ables have been applied by workers of 
other schools than Lewin’s (e.g., 1, 7, 
8). 

Two experimental variables are 
examined in the present work. Rosen- 
zweig (7) and others have shown that 
such variables as “involvement” have 
an influence on recall for complete 
and incomplete tasks. Involvement 
has regularly been controlled by situa- 
tional instructions; the contrast has 
frequently been between instructions 
that the subjects are taking an “‘intel- 
ligence test” on the one hand, and 
that they are helping to “standardize 
materials” on the other. These two 
situations were used in the experiment 
reported here. 


1 Prepared under the direction of James Olds, 
Department of Social Relations, Harvard 
University. 


Zeigarnik (9) showed that inter- 
polation of an emotional situation 
between task performance and recall 
has an effect on differential recall for 
complete and incomplete tasks. Many 
other experimenters have found effects 
on recall associated with serial order 
of tasks. The second variable em- 
ployed was the nature of the task 
following interruption or completion. 


MeETHOD 


Two forms of situational instructions were 
used. In Situation A, Ss were instructed that 
the tasks they were to perform had been stand- 
ardized as a measure of intelligence. They were 
told that their scores would be compared with 
their scores on other intelligence tests which 
they had taken; hence they were required to sign 
their papers. Finally, Ss were instructed that 
they should be able to complete all of the tasks 
which would be presented in the time allowed. 

In Situation B, Ss were instructed that they 
were being asked to help standardize some tasks 
which might prove useful as a measure of intelli- 
gence. They were told not to sign their papers. 
The fact that they might not complete some 
tasks was stressed. 

The tasks were of two forms, presented alter- 
nately. Experimental tasks were completed in 
some cases and interrupted in others according to 
a prearranged schedule. Interpolated tasks, fol- 
lowing all experimental tasks, were in every case 
completed. 

Two forms of interpolated tasks were pre- 
pared. Interpolated tasks of Type I comprised 
a set of passages from War and Peace; inter- 
polated tasks of Type II consisted of a set of 
passages written expressly for the experiment, 
styled to be as dull as possible. At the conclu- 
sion of each interpolated task, Ss rated the task 
on a scale of “interest” in unit steps from 1 (low 
interest) to 5 (high interest). Differentiation 
between the tasks is indicated by the means of 
these ratings. The mean for all tasks of Type I 
was 3.41 (sz = .0414); that for all tasks of Type 
II was 2.75 (sz = .0156). 
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The experiment was designed for group pres- 
entation. In order to ¢ssure completion of some 
experimental tasks, and interruption of others, 
with time allowed for each task held constant, 
two forms of experimental task instructions were 
prepared. All experimental tasks consisted of 
lists of qualities and lists of objects; the Ss were 
instructed to locate the objects having the 
required qualities. The two types of task in- 
structions were applied to identical lists of qual- 
ities and objects. Instructions of Type 1 called 
for selection of the number of objects on the list 
which actually possessed the required qualities; 
instructions of Type 2 called for selection of one 
more object than the number actually included in 
the list. Hence, Type 1 instructions allowed the 
tasks to be completed, while Type 2 instructions 
led perforce to incompletion. Some Ss became 
aware of the fact that Type 2 instructions were 
not legitimate, however, and others gave incor- 
rect solutions. These Ss were not included in 
the analysis. 

Following situational instructions, four experi- 
mental tasks were presented to each S. Thirty 
seconds were allowed for each experimental task. 
An interpolated task was presented after each 
experimental task. Three minutes were allowed 
for reading each interpolated-task passage. 

Each S heard only one kind of situational in- 
structions (Situation A or B); each S performed 
two experimental tasks of Type 1 and two tasks 
of Type 2 in alternating order (1, 2, 1, 2 for half 
the Ss; 2, 1, 2, 1 for the remaining Ss). Each S 
was presented in all with four interpolated tasks, 
but all of the same Type (I or II). 

Recall was measured following the fourth 
interpolated task. Three “qualities” were listed 
for each task. The S was asked to recall these 
four lists. Recall scores for tasks thus ranged 
from one to three, with four observations for 
each S. 

The subjects were 27 students in several 
courses in social relations at Harvard University. 


RESULTS 


Mean recall scores for all conditions, 
with their standard errors, are given in 
Table 1. In order to perform an 
analysis of variance, the following 
steps were carried out. First, the 
mean of the two recall scores observed 
for each S with all conditions constant 
was taken. Second, the mean recall 
score obtained with task instructions 
of Type 2 (which led to task interrup- 
tion) was subtracted from the mean 











TABLE 1 
Recauu Scores ror Att Task ConpITIONs 
Instructions Recall Score 
0 ES 
i Task 8 
Situation axe. Mean om 
A 1 I 2.79 | .1l 14 
II 2.72 18 18 
2 I 2.43 17 14 
II 2.78 10 18 
B 1 I 2.63 07 8 
II 2.29 09 14 
2 I 2.38 14 8 
II 2.64 | .02 14 




















recall score of thesame S obtained with 
task instructions of Type 1 (which led 
to task completion). Thus positive val- 
ues of these difference scores show the 
advantage of completed tasks in recall, 
while negative values show the recall 
advantage of interrupted tasks. Fi- 
nally, in order to have proportional 
numbers of observations in all cells, 
two Ss were discarded by means of 
a random number-selection process. 
The mean recall difference scores for 
all conditions, with their standard 
errors, are given in Table 2 for the 25 
Ss included in the final analysis of 
variance. 

The analysis of variance performed 
on mean difference scores is presented 
in Table 3. 

The analysis of variance strongly 
supports the hypothesis that the form 
of the interpolated task had an effect 
on recall for the preceding task. The 


TABLE 2 


Recatt Dirrerence Scores ror ALL 
Task ConpiITIONs 











. Inter- 
Ins s 
structions | polated | Mean | om | 
A I +.33 17 6 
II — .06 22 9 
B I +.25 37 4 
II — .33 -2$ 6 























TABLE 3 


ANALYsIs OF VARIANCE OF MEAN 
DIFFERENCE SCORES 








Source af Mean F ? 





Interpolated Task 1} 1. 

Situation Instruction 1} .240 | 3.158 | .08 
Interaction 1 

Within Subclasses 21 

















value of F found was significant well 
beyond the .005 probability level. The 
difference in situational instructions 
was found to be significant beyond the 
.10 level, but not at the .05 level. 
Interaction is not significant. 


Discussion 


The general form of this experiment 
may be compared with that of the 
usual study of the effects of comple- 
tion and interruption on recall. It 
will be noted first that most Zs have 
presented tasks of the kind designated 
here as “experimental” in succession, 
without interpolation. No control 
other than randomization of task order 
has regularly been applied to the vari- 
able measured in this experiment by 
Ss’ “interest” ratings of the inter- 
polated tasks. If all of an E’s tasks 
are of Type I, he should, according to 
the present results, find completed 
tasks recalled more often than inter- 
rupted tasks. If all of his tasks are of 
Type II, on the other hand, he would 
be expected to find recall advantage 
for interrupted tasks. If the two 
types of tasks are combined in one 
experiment, results in either direction, 
or results showing no advantage for 
either condition, might be found. 

Rosenzweig’s work has _ pointed 
more clearly to the importance of situ- 
ational instructions. The present ex- 
periment serves only to underline the 
the fact that relative recall for com- 
pleted and interrupted tasks is affected 
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by the situation in which the tasks are 
performed. 

It is to be concluded that the effect 
of interruption on recall varies with 
other factors. Among these factors 
are the situation defined by E£ in his 
instructions and the nature of the task 
following interruption or completion. 
The advantage in recall of completed 
tasks seems to be maximized in the 
present experiment when the situation 
is defined as a test of intelligence 
(which Rosenzweig calls the involve- 
ment situation) and when the follow- 
ing task is of most interest to S as 
measured by his own rating. The 
recall advantage of interrupted tasks 
is maximized here when the situation 
is defined as experimental and when 
the following task is of least interest. 


SUMMARY 


Twenty-seven Ss participated in an 
experiment on recall for complete and 
interrupted tasks. The situational 
instructions and the nature of the task 
following completion or interruption 
were varied. 

Sixteen of the Ss were instructed 
that an intelligence test would be 
administered to them (Situation A). 
Eleven were instructed that they were 
to help standardize test materials 
(Situation B). Each S_ performed 
four experimental tasks, of which two 
were completed and two interrupted. 
Each experimental task was followed 
by an interpolated task consisting of a 
passage of complex (Type I) or simple 
(Type II) prose. 

Completed tasks are found to be 
recalled more frequently when the 
following interpolated task is com- 
plex, while interrupted tasks are more 
frequently recalled preceding simple 
tasks. Completed tasks are recalled 
more frequently when S is told that 
he is assisting E. The contrary holds 
for interrupted tasks. No interaction 
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is noted between instructions and 
interpolated task. 

These results indicate that the effect 
of interruption on task recall varies 
with other factors, including the nature 
of the task following interruption or 
completion, and the general instruc- 
tions which £ presents. It is sug- 
gested that these variables may ac- 
count for some previously unexplained 
variability in the results of similar 
experiments. 


(Received May 26, 1952) 
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THE EFFECT OF LONG INTERTRIAL INTERVALS ON THE 
LIMIT OF EYELID CONDITIONING ?? 


MARTIN R. BARON # 


State University of Iowa 


Available experimental evidence has 
been quite consistent in indicating 
that relative massing of trials in class- 
ical conditioning decreases the degree 
of learning exhibited (2, 3, 4, 6, 7, 8). 
However, it is not possible to deter- 
mine from these data the exact empir- 
ical nature of the function relating the 
two variables. 

In most of the investigations re- 
ported (2, 4, 6, 7), the relative effects 
of only two intertrial intervals were 
compared. Unfortunately, differences 
in experimental method prohibit inte- 
gration of the results of any two Es. 
There are only two studies (3, 8) in 
which the relative effects of more than 
two intertrial intervals are compared. 
Presenting the stimuli 3, 9, and 18 
times per minute, Calvin (3) obtained 
little or no eyelid conditioning in the 
two relatively massed groups; thus 
his data are not sufficient to determine 
the over-all functional relationship 
between the variable and the level of 
performance. Spence and Norris (8) 
conditioned the eyelid response in 
four groups of Ss with intertrial inter- 
vals of 9, 15, 30, and 60 sec. each. 
They interpret their data to “. 
suggest that the amount of condi- 
tioning as revealed by frequency 


1 This paper is a portion of a thesis submitted 
to the department of psychology of the State 
University of Iowa in partial fulfillment of the 
requirements for the degree of Master of Arts. 
The writer is indebted to Dr. Kenneth W. Spence 
for his guidance in the formulation of the prob- 
lem, throughout the experimental investigation, 
and in preparation of the manuscript. 

2 A summary of this paper was read before the 
Midwestern Psychological Association meeting in 
Chicago, 1948. 

3 Now at Kent State University. 


measures is a negatively accelerated 
increasing function of the time between 
trials” (8, p. 719). 

The present investigation, con- 
ducted concurrently with the Spence 
and Norris study (8), attempts to test 
one aspect of the hypothesis that the 
function relating the intertrial interval 
and the frequency measure of condi- 
tioning is negatively accelerated.‘ 
More specifically, assuming that this 
relationship approaches a limit, the 
purpose of this study is to determine, 
if possible, two widely separated inter- 
vals at which no differential response 
frequency would be obtained. In 
view of tentative findings in a prelim- 
inary study that there is a difference 
between levels of performance with 
intertrial intervals of 90 and 120 sec., 
the intervals chosen in this study were 
120 and 270 sec. In order to keep 
both groups from reaching 100% 
frequency of response, it was not pos- 
sible to utilize the most commonly 
employed conditioning variables. In- 
stead of these, a trace conditioning 
procedure was used with an interval 


of 1.50 sec. between the CS and UCS. 


METHOD 


Apparatus and stimuli.—The apparatus used 
in the present study was the Dodge photochrono- 
graph which has been described elsewhere (1). 
Except for the particular eyelash and the motion 
pictures employed here, the apparatus is the one 


‘It is possible to extend Reynolds’ theory 
concerning rate of presentation of the CS (6) 
to predict the relationship between the intertrial 
interval and the limit of conditioning. The func- 
tion predicted is similar to a negatively accel- 
erated growth curve. As pointed out by Spence 
and Norris (8), essentially the same prediction 
can be made from a work-decrement hypothesis. 
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used by Reynolds (6) and Kimble (5). A paper 
eyelash, } in. wide, and 2} in. long, attached to 
the center of the upper eyelid of the left eye by 
Scotch Tape, interrupted a light beam and cast 
a shadow on “Kodagraph Standard Fast Pro- 
jection” photographic film. The wash light 
source was a Bausch and Lomb 35-mm. projector. 

The Ss sat in a straight-backed chair with an 
adjustable seat and headrest. A biting board 
was employed to insure that each S’s head would 
be in the same position from trial to trial. 

The CS was a .10-sec., 1000-cycle tone, 15 db’s 
above the threshold, produced by a beat fre- 
quency oscillator and delivered to S through a 
pair of earphones. Coincident with the onset 
of the tone was a click made by an electromag- 
netic signal marker. The UCS, a puff of air to 
the cornea of the left eye, was delivered by the 
fall of an 80-mm. column of mercury contained 
in a U tube. The moment of onset of the air 
puff, 1.50 sec. after onset of the CS, was photo- 
graphically recorded. 

In an attempt to produce consistent inter- 
stimulus intervals with slow swings of the pen- 
dulum, it was necessary for the pendulum and the 
photographic film rack (mounted on the pen- 
dulum arm) to pass the lighted aperture at a rate 
too rapid to allow recording of the whole inter- 
stimulus interval. Thus the first .50 sec. follow- 
ing the onset of the CS were not recorded. On 
the basis of findings generally obtained with trace 
conditioning procedures where Ss appear to learn 
to delay CR’s until just before the presentation 
of the UCS, it was anticipated that recording only 
the last 1 min. of the interstimulus interval would 
adequately show the relative levels of condition- 
ing obtained. The data appear to confirm this 
expectation. 

Silent motion pictures were shown Ss during 
the experimental sessions to distract them from 
the purpose of the study, and to keep them awake 
during the long experimental sessions. An 
Ansco 16-mm. projector was used to present 
educational films spliced together and wound on 
1600-ft. reels. A 400-ft. reel was also presented 
to each member of the distributed group during 
the preliminary test trials. 

The films were projected on a rectangular 
milk-glass screen, 8 by 10 in., 28 in. in front of 
S when in the “ready” position and about 40 in. 
in front at other times. The base of the screen 
was 3 in. above the eye level of Ss. The pro- 
jector was placed behind the screen, facing S, 
and adjusted so that the movie covered the whole 
screen. 

Subjects —Twenty-two Ss, 14 male and 8 
female, were employed in the experiment. Each 
of the experimental groups consisted of seven 
male and three female Ss, and two female Ss 
were used as controls. (It was not possible to 


utilize the records of two male experimental Ss, 
one in each group, who blinked continuously on a 
large proportion of recorded trials.) Al! were 
students in the introductory psychology course 
at the State University of Iowa. 

Procedure.—The Ss were toid that the purpose 
of the experiment was to measure eye fatigue 
involved in watching motion pictures, which 
would be indicated by the latency and amplitude 
of blinks to the air puff. They were instructed 
to ignore an occasional tone heard through the 
earphones which were employed to help muffle 
the noise from the projector. When E said 
“ready,” Ss were to lean forward and bite the 
biting board until a photograph was taken; they 
were then to sit back. 

Both experimental groups were given three 
test trials to the CS alone preliminary to the joint 
presentation of the stimuli. Approximately 1 
min. was allowed to elapse after the film was 
started before the first test stimulus was pre- 
sented. The intertrial interval for these test 
trials was a constant 4 min. for both groups. 
The mean intertrial interval for Group I during 
conditioning was 270 sec. with a range from 180 
to 360 sec.; for Group II, 120 sec. with a range 
from 80 to 160 sec. 

The Ss in these groups were trained through 
four daily sessions separated by 20 to 28 hr. 
The three test trials and 20 reinforced trials were 
given on the first day; 20 more reinforced trials 
were given on each of the three succeeding days. 
Thus, there were 80 acquisition trials in all. 
The daily sessions for Group I lasted approxi- 
mately 2 hr.; for Group II, approximately 1 hr. 

Since the reel was changed for Group I after 
the test trials, and between Trials 19 and 20 or 
Trials 20 and 21 of each daily session, the pro- 
jector was also shut off for Group II for 1 min. 
between these same trials. The projector was 
allowed to run for at least 45 sec. before the 
next trial. In no case did the reel change plus 
the 45-sec. adaptation require more time than 
the prescribed intertrial interval. All reels were 
presented equally often on each day of training. 

Owing to lack of time, it was possible to run 
only two control Ss. They were utilized to 
obtain an indication of the rate of blinking due to 
factors other than the joint presentation of the 
stimuli. The conditions for these two Ss were 
identical with those of the experimental Ss except 
that the tone was never presented. For one 
control S, the intertrial interval was 270 sec., for 
the other, 120 sec. The instructions to the con- 
trols differed from those to the experimental 
groups only in that no mention was made of the 
tone. 

Records were taken on the three test trials, 
and on acquisition Trials 1, 5, 9, 10, 19, 20, 21, 
25, 29, 30, 39, 40, and 41 through 80. Inorder to 
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Fic. 1. Acquisition curves for Groups I and 
II when the criterion included every response at 
least .5 sec. in latency and 1 mm. in amplitude 


avoid differential cues from trial to trial, a sheet 
of exposed film was placed in the holder on the 
trials on which no records were taken. 
Response measure criteria—The response 
measure utilized is the per cent of records on 
which there occurred at least one eyelid closure. 
It will be recalled that responses during the first 
-50 sec. following the onset of the CS were not 
recorded. Thus, for three different criteria em- 
ployed in counting the blinks, only those with a 
latency of .50 sec. or longer were included. The 
first criterion included all responses with an 
amplitude of at least 1 mm.; the second included 
responses of 2 mm. and larger; the third required 
response amplitudes of 5mm. Since the curves 
obtained with these criteria are essentially the 
same, only the first set of data is presented. 


REsuLTs AND Discussion 


The eyelid responses obtained in the 
present study were probably of two 
kinds: (a) those of an unlearned vari- 
ety, including random blinks and 
blinks resulting from the presentation 
of the motion pictures, and (b) condi- 
tioned responses. As a result, the 
curves presented contain all the 
responses meeting the criteria used in 
reading the records. 

Figure 1 represents the per cent of 
responses obtained per block of trials.® 


5 The first point plotted represents the per 
cent of records on which a response meeting this 
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That learning actually did occur 
under the experimental conditions is 
indicated, first of all, by the fact that 
the mean per cent of responses for the 
control Ss on all recorded trials was 
48.2 as compared with a mean per 
cent of 73.1 for Group I, and of 
66.5 for Group II. In addition, the 
curves, although irregular (perhaps 
owing to the exclusion of responses 
less than .50 sec. in latency), show a 
general rise until the 41—50 trial block 
where both groups appear to have 
reached a maximum. There was no 
comparable increase in the case of the 
controls. The mean per cent of 
response for the control Ss for the 
first 15 records obtained (through 
Trial 40) was 53.3 as compared with a 
mean per cent of 46.2 for the last 40 
trials. 

Before the conditioning procedure 
began, Group I responded more fre- 
quently than Group II. This is 
shown in Fig. 1 by a comparison of 
the initial points for the two groups. 
In addition, Group I also reached a 
somewhat higher maximum response 
frequency than Group II in the last 
four blocks of trials. The superiority 
of Group I is not at all significant in 
either case. A test of significance of 
the difference in response frequency 
prior to paired presentation of the 
stimuli yielded a ¢ of 1.08 (df = 16). 
When the responses obtained for the 
two groups on the last 40 trials were 
compared, a t of .682 was obtained. 
Considering the large variability with- 
in each of the groups, it is estimated 
that large samples would be necessary 
to obtain statistical significance if the 


criterion was found on the first three test trials 
and the first acquisition trial; the second point, 
the per cent of records on Trials 5, 9, and 10; 
the third, on Trials 19, 20, and 21; the fourth, 
Trials 25, 29, and 30; the fifth, Trials 39 and 40, 
and the remaining four points, on successive 
blocks of ten trials each. 
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real difference is as small as the one 
obtained. 

It is apparent, then, that condi- 
tioning occurred in Groups I and II, 
and that the difference between the 
per cent of total responses on the last 
40 acquisition trials for the two groups 
was not significant. The question 
still remains as to whether the maxi- 
mum frequencies of conditioned re- 
sponses are different. It was indi- 
cated above that there was little 
change in the frequency of unlearned 
responses for the control Ss; it would 
appear reasonable to infer that there 
was also no change in unlearned 
responses for either experimental 
group throughout training. Since the 
nonsignificant initial difference in 
frequency of unlearned responses prob- 
ably remained nonsignificant for both 
groups of experimental Ss at the end 
of training, it follows that the lack of 
significance of the difference between 
the maximum per cent of total 
responses may be interpreted as a non- 
significant difference between the 
maximum per cent of conditioned 
responses made by the 270- and 120- 
sec. intertrial interval groups. Fi- 
nally, since no significant difference in 
conditioning was found between the 
two long intertrial interval groups, it 
may be inferred that the function 
relating the intertrial interval and the 
limit of conditioning approaches an 
asymptote. In view of the results 
reported by Spence and Norris (8), 
the data are interpreted to indicate 
that this function is probably nega- 
tively accelerated in shape. 


SUMMARY 


Trace conditioning procedures to a 
tone were cmployed with 18 Ss, nine 
with an intertrial interval of 270 sec.; 
for the other nine, 120 sec. The inter- 
val between the CS and UCS (a puff 


of air to the left cornea) was 1.50 sec. 
Both groups were given 80 reinforced 
trials equally distributed over four 
experimental sessions, during which 
motion pictures were presented. Two 
control Ss were utilized; the condi- 
tions for these Ss were the same as 
those for the experimental groups 
except that the conditioned stimulus 
was not presented. The intertrial 
interval for one of these Ss was 120 
sec.; for the other 270 sec. 

The results showed no significant 
difference in the maximum amount of 
conditioning obtained with these two 
intertrial intervals. 

It was concluded that the function 
relating length of the intertrial inter- 
val and the limit of conditioning 
reaches an asymptote, and in view of 
other results (8) is probably nega- 
tively accelerated. 


(Received June 9, 1952) 
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INDIVIDUAL DIFFERENCES IN DEFENSIVE FORGETTING 


CHARLES W. ERIKSEN 
The Johns Hopkins University 


Studies of memory for completed 
and incompleted tasks have generally 
shown that under ego involvement Ss, 
as a group, tend to favor completed or 
successful tasks in their recall as 
opposed to incompleted or failed tasks 
(5, 6,8). This finding has frequently 
been interpreted as demonstrating 
defensive forgetting. It has been 
assumed that the threat to the ego or 
self-esteem posed by failure in ego- 
involved areas is sufficient to bring a 
defensive mechanism into play. 

With but few exceptions (1, 5), it 
has been implicitly assumed that all 
people respond to psychological threat 
in a similar way, and Ss who show 
little or no tendency to favor com- 
pleted tasks in their recall have gen- 
erally been overlooked. If the com- 
pleted task method is to be considered 
a valid measure of defensive forgetting, 
then these deviant individuals must 
be considered the result of either the 
crudeness of the method or of indi- 
vidual differences in response to ego 
threat. Assuming the latter explana- 
tion to be correct, we should then 
expect these individual differences in 
response to appear in other situations 
where ego threat is involved. In addi- 
tion, if the incompleted task method is 
to have any generality, we should 
expect individuals to show consistency 
in their response to different threaten- 
ing situations. 

Clinical as well as experimental evi- 
dence suggests that people are con- 
sistently different in their response to 
threat. In a previous experiment (4) 
it was reported that Ss who showed a 
marked tendency to favor completed 
tasks in their recall also had relatively 
high recognition thresholds (tachis- 


toscopically determined) for words 
with long association times. On the 
other hand, Ss who favored the failed 
tasks in their recall had little or no 
difficulty in recognizing such words. 
The present study is a further inves- 
tigation of individual differences in 
response to ego threat. Differential 
learning rates for words with long, 
medium, and short association times 
have been investigated by the paired- 
associates method in two groups of Ss: 
(a) those who tend to recall completed 
tasks under ego involvement, and (b) 
those who tend to recall failed tasks. 


PROCEDURE 


Experiment I.—This was a study of memory 
for completed and incompleted tasks. The 
tasks consisted of 16 20-word sentences which 
had been scrambled into two- and three-word 
phrases. The S was required to organize the 
phrases into a meaningful sentence. Eight of 
the sentences were solvable and the rest unsolv- 
able. To facilitate recall each sentence was 
given a title by underlining one of the two-word 
phrases. The sentences were administered in 
group form by means of a slide projector. As 
each sentence appeared on the screen, E read 
aloud the title. Sentences were shown for 3 
min. each during which time S was to write his 
solution on separate pages of an examination 
booklet. The order of appearance of solvable 
and unsolvable sentences was arranged so as to 
minimize serial-position effects. 

The sentences were administered to the experi- 
mental (ego-involved) Ss under the guise of an 
intelligence test. They were told that E£ was 
interested in selecting Ss who were bright enough 
to participate in an experiment on abstract 
reasoning. They were further told that anyone 
with an IQ of 115 or better should have little or 
no difficulty in solving all of the sentences within 
the time limits. To increase the deception, 
classmate stooges were scattered throughout the 
group. These stooges pretended to complete 
successfully all of the 16 sentences. 

The sentences were administered to control Ss 
under identical conditions except for different 
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instructions and the absence of stooges. They 
were told that the sentences had been made up 
by E to keep Ss in a learning experiment occu- 
pied during rest intervals so they could not 
rehearse, and that E simply wanted to determine 
if the sentences were difficult enough to keep Ss 
busy for the necessary lengths of time. The 
control group was further told that E was already 
certain that many of the sentences were too 
difficult to be solved within the time interval. 
The Ss were asked to work as rapidly as possible 
in order to make their performance comparable 
to that of the learning Ss. 

The scrambled sentences were followed by a 
5-min test of “word fluency” which consisted of 
writing down four-letter words that began with 
the letter “t.”” A 5-min. recall period followed 
in which Ss wrote down the titles or the content 
of the sentences they could remember. 

All Ss were male undergraduate students 

enrolled in an introductory course in psychology. 
Seventy-six Ss comprised the experimental group 
and 36 the control. However, 13 Ss in the 
control and 32 Ss in the experimental group were 
discarded because of failure to complete all of 
the solvable sentences. 
“= Experiment II1.—The Ss for this experiment 
were selected from among the experimental group 
in Exp. I. For each S in the experimental group 
a ratio was computed by subtracting the number 
of completed tasks recalled from the number of 
incompleted and dividing by the total tasks 
recalled (I—C/I+C). On the basis of these 
ratios the ten Ss who showed the strongest 
tendency to favor incompleted tasks in their 
recall (Failure Recall Group) and the ten who 
showed the strongest tendency to favor com- 
pleted tasks (Success Recall Group) were chosen 
for Exp. II. Each of these 20 Ss was adminis- 
tered, individually, a 95-item word-association 
list. This list was identical with the list reported 
by Bruner and Postman (2) except for the 
following words which were deleted: hymen, 
pubis, and S’s first and last name. Eight words 
with the longest, eight with the shortest, and 
eight with medium association times were chosen 
for each S on the basis of his distribution of asso- 
ciation times. A comparison of the word- 
association test performance of the Success and 
Failure Recall Groups showed no significant 
difference in either average association time or 
in variability of association time. 

Paired associates were formed by using non- 
sense syllables as stimuli and words as responses. 
Twenty-four three-letter nonsense syllables of 
low association value were divided into three 
groups of eight each. Group 1 syllables were 
always paired with an S’s long association-time 
words, Group 2 with his medium association- 
time words, and Group 3 with his short associa- 


tion-time words. The nonsense syllables were 
typed individually on the face of 3 by 5-in. 
cards and on the reverse side of the card the 
nonsense syllable appeared with its paired word. 
Each S was presented with his pack of 24 cards. 
At a signal from E, S removed the blank top 
card and spelled aloud the nonsense syllable of 
the first paired associate. At the end of 5 sec., 
he turned the card over and spoke the response 
word. Another 5 sec. was allowed for studying 
the response word. Pacing was by means of 
signals coming from a tape recorder. In order 
to control overlearning, pairs were dropped from 
the list when the response word had been cor- 
rectly anticipated three out of four times. 
Learning was continued until all pairs had 
reached this criterion. Twenty-four hours later 
a relearning session was held and the list was 
again learned to the criterion. The learning 
sessions were individually administered. During 
learning and relearning the order of the pairs 
within the list was randomized between trials. 


RESULTS 


Table 1 compares the experimental 
and control groups of Exp. I on the 
recall of completed and incompleted 
tasks. Three different comparisons 
are provided in this table. When the 
two groups are compared on the dif- 
ference score obtained by subtracting 
for each S the number of completed 
tasks recalled from the number of 
incompleted recalled, it is found that 
the experimental Ss show a significant 
difference in the direction of more 
completed tasks recalled. When the 
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NumsBer or CompLetep AND INCOMPLETED 
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Mean | SD | Mean | SD 
Incomplete 2.0} 1.2 | 3.4] 14 | 4.29 
Complete 3611.5] 3.7| 11] .28 

Difference 

(I—C) —16 | 2.0 |— 3 | 1.9 | 2.52 

















*A ¢ of 2.39 is significant at the .01 level for a one 
tailed test. 
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TABLE 2 


DirFERENCES IN LEARNING AND RELEARNING RaTE For Lonc, Mepium, AND SHORT 
AssociaTIon-TimE Worps For THE Success AND Farture Recatt Groups 

















Failure Recall Group Success Recall Group ‘* 
Group 
Association Learning Relearning Learning Relearning Difference 
Times of Words 
M SD M Ss 
Dit |pig.| ¢ | Dit joi.) ¢ bal owm.| ¢ |i lom.| & | & | Re 
Long-Short .24| .79| 96 |—.01} .97 | .00 | 2.47 | 2.37 | 3.29 | 2.26 | 2.19 | 3.26 | 2.82 | 3.01 
Long-Medium | —.05 | 1.63} .10 -13| .93 | .44 | 2.30 | 1.48 | 4.91 | 1.51 | 1.71 | 2.79 | 3.37 | 2.24 
Medium-Short | —.15| 1.51] .31 | —.29] .95 | .96| .17/1.59| .34] .75|1.49/ 1.59] .46] 1.86 















































has been corrected for heterogeneity of variance via the method suggested by Cochran and Cox (3). ¢ values 
of 1. 33 and 2.82 are significant at the .05 and the .01 levels for a one-tailed test. 


groups are compared on the number 
of completed and the number of in- 
completed tasks recalled, it is found 
that both groups recall the same num- 
ber of completed tasks but the experi- 
mental group recalls significantly 
fewer incompleted ones. 

For the paired-associates learning of 
Exp. II the mean number of trials to 
learn and relearn the long, medium, 
and short association-time words was 
obtained foreach S. A modified four- 
way analysis of variance was per- 
formed on these data based upon the 
classification into Success and Failure 
Recall Groups, association time, learn- 
ing and relearning, and individuals. 
This analysis showed no over-all dif- 
ference in learning between the two 
groups but did reveal a highly signifi- 
cant interaction (p = .001) between 
Success and Failure Recall Groups and 
association times. 

In order to evaluate this interaction, 
three learning and three relearning 
difference scores were obtained for 
each S in the two groups. For each S 
the mean number of trials to learn the 
long, medium, and short association- 
time words was computed. Then 
difference scores were obtained by 
subtracting the mean of his learning 
trials for medium and for short asso- 
ciation-time words from the mean for 


the long association-time words and 
also his mean trials for the short from 
the medium. The same procedure 
was used on the relearning trials. 
The mean difference scores obtained 
for the learning and relearning trials 
are presented in Table 2. For the 
Failure Recall Group none of the 
mean differences is significantly dif- 
ferent from zero. For this group there 
is no difference in rate of learning or 
relearning for words with long, me- 
dium, or short association times. For 
the Success Recall Group, on the other 
hand, long association-time words 
require significantly more trials to 
learn and to relearn than do either the 
medium or short association-time 
words. However, there is no signifi- 
cant difference in learning rate between 
medium and short association words. 
Evaluation of the differences between 
the mean difference scores for the Suc- 
cess and Failure Recall Groups substan- 
tiate these within-group comparisons. 


Discussion 


The above results have two impor- 
tantimplications. First, these results 


support the view that defensive for- 
getting does occur in the completed- 
incompleted tasks experiment under 
conditions of ego-involvement. The 
results of previous investigators (5, 6, 
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8) are confirmed by the finding that, 
individually, ego-involved Ss tend to 
recall more completed than incom- 
pleted tasks as compared with non- 
ego-involved Ss, and that as a group 
they recall significantly less incom- 
pleted tasks than does the non-ego- 
involved group. More important to 
an hypothesis of defensive forgetting, 
however, is the finding that perform- 
ance in the completed-incompleted 
task experiment is related to other 
situations where defensive forgetting 
might be expected to occur. The Ss 
who show evidence of defensive for- 
getting in the completed-incompleted 
task situation are found to require 
more trials to learn and relearn affec- 
tive words than neutral words. On 
the other hand, Ss who show little or 
no evidence of defensive forgetting in 
the completed-incompleted task ex- 
periment learn affective words at least 
as easily as they dothe neutral. This 
consistency in response in two inde- 
pendent situations provides strong 
evidence for the defensive forgetting 
hypothesis. 

The second implication of the above 
data concerns the difference in re- 
sponses to ego threat shown by the 
Success and Failure Recall Groups. 
Whereas the Success Recall Group 
gives evidence of defensive forgetting 
in both experiments, the Failure Recall 
Group shows little or no indication of 
defensive forgetting in either experi- 
ment. Whether this difference in 
response to ego threat, as shown by 
the Success and Failure Recall Groups, 
is of a quantitative or qualitative 
nature, cannot be determined from the 
present data. It does suggest, how- 
ever, that any experiment involving 
psychological defenses must be pre- 
pared to take account of this difference. 
Perhaps the _ indifferent success 
achieved by the numerous experiments 
on rate of learning and recall of pleas- 


ant and unpleasant, neutral and 
affective material (7) can be explained 
on the basis of such individual differ- 
ences in response to ego threat. 


SUMMARY 


The present study was concerned 
with the relation between memory for 
completed and incompleted tasks and 
the learning of neutral and affective 
words. Two subexperiments were 
involved. Experiment I was a study 
of memory for completed and incom- 
pleted tasks. Sixteen scrambled sen- 
tences (eight solvable and eight unsolv- 
able) were administered to an experi- 
mental (ego-involved) group and 
a control (non-ego-involved) group. 
Experiment II was a study of paired- 
associates learning in which three- 
letter nonsense syllables were paired 
with words having long, medium, and 
short association times for individual 
Ss. The Ss in this experiment were 
selected from the ego-involved group 
of Exp. I on the basis of their having 
recalled relatively more completed or 
relatively more incompleted tasks. 

The results show that in Exp. I, 
while both groups recall the same 
number of completed tasks, the experi- 
mental group recalled significantly 
fewer incompleted tasks. In Exp. II 
Ss who favored completed tasks in 
their recall required significantly more 
trials to learn and to relearn words 
with long association times than to 
learn or relearn words with either 
medium or short association times. 
The Ss who favored incompleted tasks 
in their recall, on the other hand, 
learned words with long association 
times at least as readily as those with 
medium or short association times. 
Differences between the high and low 
groups were significant. The results 
support an hypothesis of defensive 
forgetting and in addition show 
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marked and consistent individual dif- 
ferences in response to ego threat. 


(Received June 16, 1952): 
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TEMPORAL NUMEROSITY: I. PERCEIVED NUMBER AS 
A FUNCTION OF FLASH NUMBER AND RATE! 


PAUL G. CHEATHAM AND C. T. WHITE 
U. S. Navy Electronics Laboratory 


Taubman, as reported in a recent 
paper (6), investigated the judgment 
of visual number as a function of the 
number of flashes of light and the time 
interval between flashes. For inter- 
vals ranging from 500 msec. to 143 
msec., and numbers from | to 10, there 
was a consistent tendency toward 
underestimation of the stimulus num- 
ber. This underestimation increased 
for higher numbers and shorter inter- 
vals. Similar results have been ob- 
tained for the judgment of auditory 
number (3, 5). 

The highest flash rate used by 
Taubman was approximately 5/sec., 
a rate at which O might conceivably be 
able to count, with some degree of 
accuracy, all the flashes presented. It 
would be of interest to know how O 
would react to higher rates and larger 
numbers in which case one would not 
expect him to be able to count accu- 
rately. An extension of Taubman’s 
curves would indicate that estimation 
of stimulus number would decrease in 
a linear fashion. Of special interest, 
moreover, would be the degree of esti- 
mation at flash rates of about 10/sec., 
the region at which brightness en- 
hancement occurs (2). 

The general purpose of this experi- 
ment was to investigate perceived 
number as a function of flash rates 
higher than 5/sec. 


METHOD 


The method consisted of presenting to O 
groups of flashes, varying in number, at different 
repetition rates. The flash series was produced 
by a sectored disk driven by a constant-speed 


1U. S. Navy Electronics Laboratory Profes- 
sional Contribution No. 2. 


synchronous motor, geared to I rps. A separate 
disk was used for each repetition rate. The 
sectors were cut to produce a constant 11-msec. 
flash duration, with dark intervals of 22, 33, 55, 
and 88 msec. corresponding to rates of 30/sec., 
22.5/sec., 15/sec., and 10/sec. The number of 
flashes was varied by exposing the proper num- 
ber of sectors around the disk. An auxiliary 
shutter provided control of intertrial intervals. 

A large (17-cm. diameter) uniformly illumi- 
nated surround of 1.8 ft.-L. served as an adapting 
field, at the center of which the flash appeared in 
a circular test field (.6 cm. diameter). The obser- 
vation distance was 80 cm. The test field was 
illuminated by the beam of a 100-w. projector 
system, which was brought to a sharp focus in 
the plane of the sectored disk. The brightness 
of the test field, when illuminated by the unin- 
terrupted light beam, was 1400 ft.-L. This 
illumination was held constant throughout the 
experiment. 

The O was seated in front of the stimulus 
field, shielded from E by a large black partition, 
and allowed to adapt for 10 min. to the level of 
the surround. He was instructed to fixate the 
test field at the ready signal, 2 sec. before the 
flash series was presented. No fixation point 
was required since the circular contour of the test 
field was clearly visible. The O was required to 
report the number of flashes perceived. 

The flashes were presented by the method of 
constant stimuli. For any given rate, the num- 
ber of flashes presented was randomized. Rates, 
in turn, were changed randomly. Each stimulus 
number was presented ten times at all rates to 
each of the five Os. Experimental sessions lasted 
approximately 1 hr. 


RESULTS 


The data are given in Table 1 and 
are plotted in Fig. 1. Two major 
facts are obvious. (a) Underestima- 
tion of the stimulus number was 
marked in all cases. The Os never 
perceived the objective number cor- 
rectly, except in the case of two or 
three flashes at the lower rates. For 
this reason, analysis in terms of de- 
gree of accuracy would be of little 
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Fic. 1. Number of flashes perceived as a func- 
tion of the number of flashes presented. Each 
point represents the mean of 50 responses (10 
responses for each of 5 Os). 


value. (5) Estimation of stimulus 
number did not decrease in a linear 
fashion. The empirical curves in Fig. 
1 show definite plateaus. Further- 
more, responses to certain stimulus 
numbers are extremely stable, having 
little or no variation around the mean 
value (Table 1). Because of the ap- 
parent stepwise characteristics of the 
curves and the stability of certain 


responses, no attempt was made to 
fit straight lines to the data. 

Of special interest are the stable 
points. These would indicate that 
certain numbers of objective flashes 
were grouped into very stable percep- 
tual units. For example, 8, 9, or 10 
flashes at 30/sec. were perceived by 
all observers on all trials as three 
flashes. 

Portions of curves between stable 
points represent some type of transi- 
tion from one perceptual unit to the 
next. These appear to be of a proba- 
bility-type function in which the addi- 
tion of one objective flash increases 
the probability that O will perceive 
one more subjective flash. 

The same data are presented in a 
different way in Fig. 2. In this case 
the abscissa represents the cumulative 
time from the beginning of a train of 
flashes, and each point indicates a 
flash. (In effect this graph presents 
perceived number of flashes as a func- 


TABLE 1 


DisTRIBUTION oF Responses TO VARYING NuMBERS OF FLASHES AT 
Various Rates oF PRESENTATION 












































30/sec. Rate 22.5/sec. Rate 15/sec. Rate 10/sec. Rate 
Number 
of Perceived Number Perceived Number Perceived Number Perceived Number 
Flashes 
1 2 3/4; 5/;6/)1 2 3};4/,51/16 2 31;4;5/)6)] 1 2 3};4/5 1/6 

1 50 50 50 50 

2 50 45 5 20 | 30 6 | 44 

3 49 1 20 | 30 50 45 5 

4 7 | 43 50 38 | 12 33 | 17 

5 1/49 23 | 27 19 | 31 6 | 44 

6 43 7 2); 48 1 | 49 37 | 13 

7 6 | 44 50 40 | 10 17 | 33 

8 50 50 27 | 23 6 | 44 

9 50 48 2 9 | 41 19} 31 
10 50 30 | 20 47| 3 

il 46 4 14 | 36 13) 37 

12 37 | 13 4 | 46 35 | 15 

13 16 | 34 3 | 47 2 | 48 

14 1 | 49 37| 13 

15 50 13) 36 1 

16 37] 13 3| 47 — 2. or 
17 17| 33 36 | 14 

18 5} 45 1 50 

19 47 3 

20 22 | 28 
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Fic. 2. Number of flashes perceived as a func- 
tion of the exposure duration. Each point 
represents a stimulus flash. (Lines a and b are 
explained in the text.) 


tion of the duration of exposure of a 
light source flashing at the various 
rates.) This method of presenting 
the data is enlightening in that it 
shows that perceived number is not 
only a function of stimulus number 
but is also dependent on the total 
elapsed time. Thus a train of eight 
flashes at 30/sec. and one of six flashes 
at 22.5/sec. require the same amount 
of time and are both perceived as 
three flashes, whereas six flashes at 
30/sec. are seen as two. 


Discussion 


The results obtained in this experi- 
ment indicate that the technique em- 
ployed is a valuable tool in the study 
of the basic temporal aspects of vision. 

The most surprising result was the 
subjective grouping of stimulus flashes 
into perceptual units. This grouping 
was consistent for all Os. (The sub- 
jective flashes were reported as large 
pulses of light, expanding and con- 
tracting with a gamma-type apparent 
motion.) Counting these pulses was 
quite simple. The Os reported their 
judgments to be based on actual 
counting of perceptual flashes and not 
on any sort of estimation of physical 
flashes. 

The highest 


perceived number 
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reached in this study was six flashes. 
Extrapolation of the curves in Fig. 2, 
up to l-sec. cumulative time, suggests 
that the subjective rate did not exceed 
6-8/sec. although the objective rate 
was varied from 10-30 flashes/sec. 
This would seem to indicate that the 
subjective rate is determined pri- 
marily by some temporal patterning 
in the visual process and not by the 
objective flash rate. 

The reliability and the temporal 
pattern of the responses are the most 
important aspects of the results from 
a theoretical point of view. It is 
apparent that we are not dealing with 
a judgment process, but rather with 
some basic property of vision itself. 
On the basis of these results, and on 
pilot studies done at rates as low as 
5/sec., the conclusion is inescapable 
that even at these low rates certain 
flashes are “lost”; therefore the low 
readings Taubman obtained perhaps 
should not be regarded as “underesti- 
mation” in the strict sense of the 
word. 

One basic question to be asked at 
this point is: What flashes are “‘lost,”’ 
and by what mechanisms do they 
become “lost”? On the basis of a 
short pilot study, as well as by inspec- 
tion of the data presented, one may 
hypothesize a definite interaction 
effect between flashes. For example, 
four flashes at 30/sec., and two flashes 
at 10/sec., are seen as two. The 
exposure interval or total time in both 
cases is 110 msec. But, the 88-msec. 
interval between the first and second 
flash at 10/sec. is objectively dark, 
whereas this same interval between 
the first and fourth flash at 30/sec. is 
filled with two light-dark cycles. 
Apparently, then, the two flashes in 
between are not needed for the nu- 
merosity or counting process. Their 
presence would, on the other hand, 
produce changes in the subjective 
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brightness discrimination. The mech- 
anism operating here must be either a 
facilitative or inhibitory one. Astudy 
using brightness discrimination would 
indicate summation, if the four flashes 
at 30/sec. appeared brighter than the 
two flashes at 10/sec., or inhibition, 
if the four appeared less bright. Selec- 
tive adding and removing of different 
intermediate flashes would show which 
flashes are being most affected by the 
interaction process operating. 

The results obtained by the present 
method are even more interesting in 
that they can be a perceptual reference 
for comparable electrophysiological 
studies. It is known, for example, 
that an intermittent light can produce 
“ripples” on the electroretinogram (1, 
4). The correlation of these “rip- 
ples,” or some other aspect of the 
human ERG, with perceived number 
might serve the dual purpose of add- 
ing to our knowledge of the visual 
process and enhancing the usefulness 
of the ERG in visual research. Such 
a study is now under way. Another 
approach to the problem could be by 
means of the EEG, especially for 
studying the possible relationship be- 
tween the temporal pattern which was 
found and the alpha rhythm or some 
other salient feature. 

A mathematical analysis of the data 
will not be presented in the present 
paper. However there is one general 
observation to be made that is quite 
suggestive. In Fig. 2, line a represents 
“perfect” response to 10 flashes/sec. 
It can be seen that the slope of this 
line is the same as the over-all slope 
of the points for the higher flash rates 
—at least for the first 300 msec. of 
exposure duration. Following the pla- 
teau which occurs in this region, it can 
be seen that the slope of the highest 
flash rate again approaches that of the 
“perfect” 10/sec. rate. Line b has 
been put in to help show this point. 


It has the same slope as a, but is 
displaced 100 msec. in time. 

On the basis of the results of this 
experiment, the following working 
hypothesis can be stated: The per- 
ceived number of a series of flashes is 
limited by the total time taken by the 
series of flashes. The upper limit 
seems to be about one perceived flash 
per 100 msec. The more objective 
flashes in each 100-msec. unit of time, 
the nearer the upper limit is ap- 
proached—as long as the flash rate 
remains below fusion frequency. 

The above holds, of course, only for 
the first 300 msec. If it held through- 
out the range, all the points would fall 
between a and 6. A complete hypoth- 
esis should account for the displace- 
ment at 300 msec. It is hoped that 
experimentation now under way may 
help to develop such an hypothesis. 


SUMMARY 


The perceived number of flashes 
was studied as a function of the flash 
rate and the number of flashes pre- 
sented. Throughout the experiment 
each flash was of constant duration 
and brightness (11 msec.; 1400 ft.-L.), 
differences in rate being accomplished 
by changing the interval between 
flashes. Dark intervals of 22, 33, 55, 
and 88 msec. were used, correspond- 
ing to rates of 30, 22.5, 15, and 10 
flashes/sec., respectively. 

The results show that the subjective 
flash rate probably will not exceed 
6-8/sec., regardless of the objective 
flash rate. Each successive subjective 
flash is not added in an equal unit of 
time, but a definite temporal pattern 
appears. On the basis of the present 
results the conclusion is made that the 
perceived number is dependent on 
both the number of flashes presented 
and the total time in which they are 
presented. The total time imposes 
an upper limit to perceived number, 
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and the number of flashes presented 
determines how closely this limit is 
approached. The upper limit appears 
to be about one subjective flash per 
100-msec. elapsed time, but this func- 
tion is discontinuous, a break occurring 
in the region of 300 msec. 


(Received June 30, 1952) 
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FIGURE-GROUND CONTRAST AND BINOCULAR RIVALRY?! 


L. T. ALEXANDER AND P. D. BRICKER 
The Johns Hopkins University 


When the two halves of a stereo- 
gram contain figures which are differ- 
ent, the figures may fuse and produce 
the impression of depth. If the fig- 
ures are made sufficiently different, 
they do not fuse. Instead, they alter- 
nate so that first one and then the 
other is seen. In a previous experi- 
ment (1) it was shown that the rate at 
which such figures alternate is higher 
if (a) the figure contour is continuous 
than if it is broken, and (bd) there is 
greater brightness contrast between 
the figure and its ground. This study 
is an attempt to describe more fully 
the rate-contrast relationship. 


METHOD 


Apparatus.—Binocular rivalry was produced 
by presenting to S split stereograms in a Ren- 
shaw Stereo-Disparator. This instrument and 
the method for recording and measuring rivalry 
rate have been described elsewhere (1) and will 
not be repeated. Five stereograms were used. 
The left half of each consisted of a series of black 
vertical bars and the right half of a similar series 
of black horizontal bars. The bars were drawn 
in India ink on photographic paper which had 
been exposed and processed beforehand so that 
each stereogram had a background of a different 
shade of grey. These greys were of 10%, 30%, 
50%, 70%, and 90% reflectance as measured by 
the Macbeth Illuminometer. Since the black 
bars had a reflectance of 1.4%, the five stereo- 
grams represented figure-ground contrast ratios 
of .86, .95, .97, .98, and .98, respectively. In the 
remainder of this report each stereogram will 
be referred to by the reflectance of its back- 
ground, i.e., “10,” “30,” etc. 

» Subjects—Five male undergraduate students 
at The Johns Hopkins University served as Ss. 


1 This research was carried out under Contract 
N5-ori-166, Task Order I, between the Systems 
Coordination Division, Naval Research Labora- 
tory, Office of Naval Research, and The Johns 
Hopkins University. This is report No. 166-I- 
158, Project Designation No. NR 507-470, under 
that contract. 


Since there is some evidence that binocular 
rivalry rate may be related to certain other 
visual skills, Ss were selected to meet the follow- 
ing conditions: less than 4 diopters lateral phoria 
at far point; 100% far point acuity without cor- 
rection; a minimum stereo-acuity of 19 sec. The 
first measure was obtained using the Stereo- 
Disparator, and the other two were obtained on 
the Bausch and Lomb Ortho-Rater. 

Procedure.—The following instructions were 
read to S: “When you look into the eyepieces, 
you will see a series of vertical lines and a series 
of horizontal lines. In the center of the field 
there will be across. You will have three or four 
minutes to become acquainted with the experi- 
mental situation and to familiarize yourself with 
the phenomenon of binocular rivalry. After a 
while you will notice that the vertical and hori- 
zontal lines are not seen superimposed as a lat- 
tice, but that they appear and disappear alter- 
nately. Fixate the cross in the center of the field 
and report by pressing the key each time the 
cross appears between vertical lines. When the 
cross no longer appears between vertical lines, 
release the key. It may be that the whole field 
will not alternate as a unit. You should be con- 
cerned only with the region around the cross.”’ 

Each S was given a 1-min. practice trial with 
each stereogram. Forty-eight hours later he 
was given 20 1-min. practice trials with the “90” 
stereogram. This was done to show S the 
stereograms to be used and then to give him 
experience in observing binocular rivalry. Forty- 
eight hours later the main experiment was begun. 

The stereograms were presented in accordance 
with a multiple latin-square design with different 
latin squares drawn at random (2) for each S. 
Each S observed each stereogram five times, a 
total of 25 observations. A trial was 1 min. and 
10 sec. long, the first 10 sec. of which were not 
included in the data. After each trial there was 
a 3-min. rest, except after Trials 10 and 20, at 
which time there were 10-min. rests. 


RESULTS 


Individual analyses—A_ separate 
analysis of variance was performed for 
each S. . With these it was possible to 
account for the variance contributed 
by the contrasts, the sequences of con- 
trasts, and the contrast order within 
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sequences. Contrasts reached at least 
the .05 level of confidence in four of 
the five Ss. Orders accounted for an 
insignificant amount of the variance, 
but the variance contributed by se- 
quences approached significance in 
two Ss. 

In spite of the latter outcome it was 
decided to combine the data for all Ss 
and to treat all trials on the same con- 
trast for each S as replications. With 
this procedure sequence variance is 
confounded with replication variance 
and the error term is inflated. Al- 
though this procedure will not give an 
accurate picture of the relationship 
between contrast and rivalry rate, the 
reliability of any differences will be 
underestimated. That is, the vari- 
ance contributed by the different con- 
trasts must be greater in order that 
an acceptable confidence level be 
reached. 

Combined analysis.—Table 1 shows 
the results of the analysis in which the 
data for all Ss are combined. It can 
be seen from this table that the con- 
trast variance is clearly significant. 
In spite of efforts to restrict inter-S 
variability by selecting Ss in accord- 
ance with scores on other presumably 
related visual tasks, S variance is also 
highly significant. 

Figure 1 shows the average rate of 
alternation with each stereogram. 
The abscissa is a scale of contrast 


TABLE 1 


Dovusie-CLassiIFICATION ANALYSIS OF VARIANCE 
or Rivatry Rate Scores 











Source of Variation = df F 
Contrasts 469.1 4 7.68* 
Subjects 6958.4 4/|113.91* 
Subjects X contrasts 79.7 | 16 
Error 1527.2 | 100 

Total 9034.4 | 124 

















* Significant beyond the .001 level of confidence. 
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Fic. 1. Rivalry rate as a function of figure- 
ground contrast for each S. Each*point is the 
mean of five observations. 


ratios on which the five stereograms 
are identified by their background 
reflectances. The letters refer to indi- 
vidual Ss. 

In order to test the hypothesis that 
the mean rate differences obtained 
were due to sampling errors, ¢ tests 
were run for all combinations of points 
for each S. Of the 50 possible tests 
30 were below the .10 level of confi- 
dence, six were between .10 and .05, 
seven were between .05 and .O1, six 
were between .01 and .001, and one 
was less than .001. Three of these 
were reversals. Although there is the 
suggestion of a systematic relation- 
ship here, the reliability of such a rela- 
tionship is quite low. 

In a previous experiment on rivalry 
(1) there was very little intertrial vari- 
ability for any of the Ss on any con- 
trast. In all cases the mean difference 
between contrasts was greater than 
four times its standard error. The 
present data show much higher inter- 
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I m IV V 
BLOCKS 
Fic. 2. Mean rivalry rate for successive 


blocks of five trials for each S. Each point in- 
cludes all five contrasts. 


trial variability. It is possible that 
massing of trials contributed to the 
present results since in the previous 
experiment all trials were at least 4 hr. 
apart. 

There is an indication that some 
sort of “fatigue” effect is operating 
to decrease the rate of alternation as 
the number of observations increases. 
Figure 2 shows this decrease in rivalry 
rate as a function of successive blocks 
of five trials. All five stereograms are 
included in every block. The data 
for each S are plotted separately. It 
appears that the higher the initial 
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average rate, the more rapid is the 
decrease in rate. 

It seems obvious that in order to be 
able to state with any assurance the 
relationship between rivalry rate and 
figure-ground contrast, it will be neces- 
sary first to investigate the changes in 
performance which occur with practice 
and also the particular effect of massed 
practice. 


SUMMARY AND CONCLUSIONS 


The results of a previous experiment 
suggested that the rate of alternation 
in binocular rivalry may be related to 
the degree of figure-ground contrast 
of stereoscopic fields. In order to in- 
vestigate this relationship five stereo- 
grams, differing in degree of figure- 
ground contrast, were presented to 
five Ss. No reliable systematic rela- 
tionship was found although a trend 
in this direction is indicated. It was 
suggested that the higher intersubject 
variability found in this experiment 
over the previous one was due to the 
influence of massing of the trials. 


(Received for priority publication 
August 25, 1952) 
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DISCRIMINATION OF TACTUAL STIMULI 


HERBERT J. BAUER 
Loyola University, Chicago 


The rapid, errorless identification 
and manipulation of control levers, 
knobs, and push buttons has, for some 
years now, been an aim of equipment 
designers. The problem which this 
aim presents is of particular interest 
to those involved in the design of mili- 
tary and naval apparatus, specifically 
as related to radio, sonar, radar, fire 
control, aircraft, and similar devices 
(2, 3, 4, 6). In an effort to accom- 
plish the efficient operation of such 
machines recent investigators have 
based their work on the principle that 
“|. . every little facility can help 
make the job faster, more accurate, 
and free from infrequent but impor- 
tant mistakes” (3, p. 308). 

To date five general methods of 
facilitating the operation of controls 
have been coding by (a) location, (bd) 
color, (c) size, (d) mode of actuation, 
and (¢) shape. Each of these has, in 
some measure, contributed to the 
more rapid learning and more efficient 
operation of controls. The writer’s 
aim in his current research is to inves- 
tigate the possibility of coding con- 
trols in terms of variations in textures 
of the control’s surface. That such 
application of the tactual sense seems 
reasonable is indicated by the results 
of investigations reported by Major 
(5), Zigler and Barrett (7), and Zigler 
and Northrup (8). More recently 
Austin and Sleight (1) have indicated 
some of the potentialities of the tac- 
tualsense. The present paper reports 
only the results of the preliminary 
research that was done in an effort to 
determine which, of a number of ran- 
domly designed tactual stimuli, are 
sufficiently discriminable to be em- 


ployed for texture coding typical con- 
trol lever surfaces. 


METHOD 


Materials ——The ten textures used in this 
experiment were randomly designed. Each 
stimulus was a 2 X 2 X }-in. block of wood 
with one side textured. These were as follows: 
(A) polished wood surface with parallel grooves 
4 X44 in. spaced on }-in. centers; (B) }-in. 
hemispheres raised approximately } in. from the 
surface, and lying adjacent to one another in a 
diagonal pattern across the wooden block; (C) 
surfaced with Norton Mohawk abrasive flint 
paper, grit No. 2; (D) surfaced with Jewel 
abrasive cloth, grit No. 3/0; (E) polished surface 
of the wood block; (F) polished wood surface 
with parallel grooves 1/32 X 1/32 in. on }-in. 
centers; (G) polished wood surface with grooves 
1/32 X 1/32 in. running perpendicularly to each 
other across the square spaced on }-in. centers; 
(H) wood surface “roughed up” by pitting with 
very small gouges randomly made; (I) polished 
wood surface with 3/16-in. diameter holes on 
j-in. centers, about 4 in. deep; (J) polished wood 
surface with irregularly spaced wavy grooves 
4 X 3 in. 

Procedure—In Method I the blindfolded S 
rested the palm of his hand on a support but 
kept his index, middle, and fourth fingers out 
straight, over the edge of a table. The first 
stimulus was raised to come in contact with S’s 
extended finger tips; no sliding movement of 
stimulus or fingers was permitted. This was the 
experimental stimulus which was to be remem- 
bered by S. Immediately after this, S was pre- 
sented, in the same way, with all ten stimuli, 
including the one he had examined as “experi- 
mental.” The exposure time in each presenta- 
tion was 1 sec. The S was instructed to remem- 
ber the experimental stimulus and to indicate, as 
soon as it was presented in the series, that he 
was again in contact with it. In other words, S 
had to recall and identify the experimental stim- 
ulus during the serial presentation of all ten 
stimuli, thereby discriminating between it and 
the nine other textures. 

Each of the ten stimuli served, in turn, as the 
experimental stimulus which had to be identified 
when presented in series with the others. 

The procedure in Method II was identical 
with that in Method I except that S was per- 
mitted to draw his three fingers simultaneously 
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across each surface once. Exposure time was 
1 sec. 

The procedure in Method III was the same as 
that of Method II, except that S wore a thin, 
cotton glove tightly fitted over the exploring 
fingers. 

Because preliminary work indicated that vari- 
ations in the amount of pressure in contact 
influenced correct identification, a relatively 
equal pressure in all exposures to the stimuli was 
maintained. This was accomplished by mount- 
ing the textures on a spring-controlled plunger. 
S held his fingers rigid so that the pressure could 
be determined by E bringing the contact to 10-oz. 
pressure as shown by a guide line painted on the 
shaft of the plunger. 

The relative position between S and the 
stimuli was held constant throughout the series 
so that the directionality of the stimulus patterns 
was the same for all Ss. 

The order of presenting the experimental 
stimuli to each S and the position of the experi- 
mental stimuli in the selection series were deter- 
mined by the method of systematized randomi- 
zation. In this way variables in selection posi- 
tion, the length of time any stimulus had to be 
remembered, and the number and nature of 
stimuli preceding the experimental stimulus in 
the selection series were equated. 

Subjects—All Ss were male college students. 
No S was used for more than one complete series, 
during which each of the ten surfaces was used 
as experimental stimulus only once. Interro- 
gation after the experiment indicated that the 
Ss were not aware of this fact. A total of 40 Ss 
was used: 25 for Method I, 10 for Method II, 
and 5 for Method III. 


RESULTs 


Since the criterion for this experi- 
ment was the ability of Ss to perceive, 
and later correctly identify, a given 
tactual stimulus, the results of the 
three methods were recorded in terms 
of the number of times a stimulus was 
correctly identified during the serial 
presentations. It was also considered 
of interest to note the sources of errors 
where incorrect identifications were 
made, i.e., which stimuli were confused 
with which other stimuli. Finally, it 
was desired to determine the relative 
merits for identification of each of the 
stimuli. 

Table 1 shows the extent of confu- 
sion and failure for the three methods. 


TABLE 1 


FREQUENCY wiTH Wuicu EXPERIMENTAL 
Stimutt Were MatcHepd wITH 
Various STIMULI 
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__* Indicates failure of S to select any stimulus as “‘just 
like’ the experimental stimulus. 


The rows and columns of the table 
represent the letter names for each of 
the stimuli. The intersections of the 
rows and columns indicate the number 
of times the stimuli were confused 
with each other. For example, with 
Method I, Stimulus A was identified 
correctly 12 times, reported as Stim- 
ulus B 3 times, as Stimulus C 3 times, 
and as Stimulus J 14 times. With 
Method II, Stimulus B was correctly 
identified in all presentations. It was 
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TABLE 2 
PERCENTAGE OF Correct IDENTIFICATIONS 
Methods 
Stimulus 
I II Ill 
A 48 80 100 
B 68 100 80 
Cc 64 100 100 
D 20 90 100 
E 36 60 40 
F 8 50 40 
G 40 70 80 
H 8 70 80 
I 48 80 60 
J 32 70 80 














never confused with any other stim- 
ulus when presented under these 
conditions. 

Table 2 shows the percentage of 
correct identifications of the stimuli by 
each method. Table 3 shows the 
ranking, based on percentage of cor- 
rect responses, for all stimuli and all 
methods. 

Table 1 shows that, regardless of 
the method of presentation and inspec- 
tion, certain of the stimuli were never 
confused with certain others. Typical 
is Stimulus A which was never con- 
fused with D, E, F, G, H, or I. 
Stimulus J was never confused with 
E, F, or H. Stimulus C was never 
confused with F. 


TABLE 3 


Rank or Stimuti Basep oN PERCENTAGE OF 
Correct IDENTIFICATIONS 




















Method 
Stimulus 

I II III All 
A 3.5 4.5 2.0 5 S| 
B 1.0 1.5 5.5 2.7 
Cc 2.0 1.5 2.0 1.8 
D 8.0 3.0 2.0 4.3 
E * 6.0 9.0 9.5 8.2 
F 9.5 10.0 9.5 9.7 
G 5.0 7.0 5.5 5.8 
H 9.5 7.0 5.5 7.3 
I 3.5 4.5 8.0 5.3 
J 7.0 7.0 5.5 6.5 
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Conversely we may note that cer- 
tain of the stimuli were frequently 
confused with each other. Outstand- 
ing is the confusion between A and J as 
well as the confusion between E and 
F. Stimulus H was readily confused 
with D, E, F, and G. 

In the over-all, Stimulus C was the 
most stable (Tables 2 and 3), appear- 
ing in second rank for two of the three 
methods, and with the highest mean 
rank (1.8). Stimulus B, first in rank 
for two of the three methods, is second 
in the over-all ranking (mean rank 
2.7), while the third best texture, with 
a mean rank of 3.3, was Stimulus A. 

It must be realized that the merits 
of the stimuli reported here are rela- 
tive. The percentages and ranks 
reported are based on the given series 
of stimuli as a whole. The reported 
figures could readily be modified by 
changing the combinations of the 
number of stimuli used. If, for ex- 
ample, we were to eliminate Stimulus 
J, the percentage of correct identifi- 
cations for Stimulus A would be 
greatly increased. The disparity of 
the percentages of correct identifica- 
tions and the relative rankings is a 
function of the particular structure 
and content of the given series, 
and not merely of the nature of the 
individual stimulus pattern taken 
independently. 

The introduction of movement did, 
in all cases, improve S’s ability to 
identify the stimuli (Table 2). 

Statistical evaluation of the results 
obtained in this experiment indicates 
that the accuracy of identification of 
all stimuli by Method II was better 
than would be expected by chance 
alone. All of these percentages are 
significant at the .01 level or better. 
By Method I, all percentages except 
those for stimuli D, F, and H were 
significant at least at the .01 level. 
The small number of Ss used for 
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Method III did not warrant statistical 
analysis of the percentages obtained. 


Discussion 


Undoubtedly much of the confusion 
in the identification of certain stimuli 
arises from the fact that they are not 
sufficiently unique to be perceived as 
distinctly different when the exposure 
time to the stimulus is as limited as it 
was in this experiment. This is espe- 
cially true for Method I wherein the 
basic determiner of the percept is 
related to the two-point threshold. 
The confusion between pairs A-J, 
D-H, and E-F seems to point out this 
fact clearly, for the stimulus patterns 
presented to S by touch alone are 
quite similar for the pairs mentioned. 

It is apparent that permitting S to 
draw his finger tips over the stimuli 
presented him with additional cues 
useful in perceiving and discriminating 
between stimuli. The intermittent 
stimulation of the receptors occa- 
sioned by moving them across the 
stimuli probably enhanced the per- 
ception of more definite form of the 
patterns involved. The reduction of 
the amount of confusion between A 
and J with the introduction of move- 
ment may well have been caused in 
this manner. The continuous stimu- 
lation of certain areas of the fingertips 
when moving across A is readily dis- 
tinguishable from the intermittent 
stimulation of the same points when 
moving across J. 

Kinesthetic sensations, too, seem to 
have played a contributing role in the 
discrimination of stimuli. The finger 
tips moving across the smooth surface 
of E would encounter little resistance, 
but when moving across C (with or 
without the glove) a comparatively 
greater amount of resistance is pre- 
sented. The possibility of such a cue 
facilitating discrimination is suggested 
by the reduction in the amount of 


confusion between D and H in 
Methods II and III, as compared with 
Method I. 

With the introduction of movement, 
Ss (according to their reports) seem 
to have been aided by two other cues: 
vibration and sound. Certainly the 
movement of the fingers across rough 
surfaces such as C, B, or J would set 
them into some sort of vibratory mo- 
tion. The variations in these vibra- 
tion patterns apparently facilitated 
discrimination. 

Moving the fingers over some of the 
textures gave rise to audible sounds; 
others did not. Unfortunately, the 
presence of this phenomenon as a cue 
for identification did not come to the 
attention of £ until it was pointed out 
by the last two Ss (Method III). 

Introspections were called for after 
each S completed his series of identifi- 
cations. Ss were interrogated regard- 
ing general difficulties and impressions. 
Only two Ss reported the use of sound 
cues in the interviews. Admittedly, 
this lack of control is an error in the 
experimental design and should have 
been controlled by the use of a mask- 
ing sound. 

The data clearly indicate that per- 
mitting S even minor degrees of move- 
ment over the stimuli greatly enhances 
his ability to perceive and discrimi- 
nate between the various surfaces pre- 
sented. The precise nature of the cues 
thus obtained are, however, not so 
evident. 

One might readily presume that the 
introduction of a barrier between the 
finger tips and the stimulus (as in 
Method III) would introduce a reduc- 
tion of the accuracy of identification. 
Tables 1 and 2 show that this was not 
the case. The scatter of errors for 
Method III is less than for Methods I 
or II. It is possible that the greater 
resistance brought about by the catch- 
ing of the cotton glove on the projec- 
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tions of some of the surfaces actually 
aided discrimination by the introduc- 
tion of kinesthetic cues. It was 
observed, for instance, that in the 
cases of the smoother surfaced stimuli 
most Ss would draw their fingers 
across the entire length of the block 
before making judgments. In the 
cases of the coarser stimuli (such as C 
and D) only a small portion of the 
square would be tactually examined 
before a decision was made as to the 
identify or nonidentity of the stimuli 
in question. Stimuli D and H stand 
out as highly improved with the intro- 
duction of movement and the glove. 
A pplication.—That it is possible for 
Ss to discriminate, without visual 
cues, between various surface textures 
has been demonstrated. Whether or 
not this ability may be used in prac- 
tical applications will depend, at least 
in part, upon the demands of the situ- 
ation in which it is to be used. The 
question of the practicality of texture 
coding of industrial or military equip- 
ment must be determined through 
further research. Such an investi- 
gation is currently in progress. 


SUMMARY 


This experiment was designed to 
determine which, of a number of ran- 
domly designed tactual stimuli, are 
sufficiently discriminable to be feasibly 
employed for the purpose of texture 
coding typical control knobs, levers, 
and push buttons. Ten different sur- 
face textures were used. Three dif- 
ferent methods of serial exploration 
were permitted. 

It was found that simple, 1I-sec. 
tactual contact with the textures was 
not as efficient as l-sec. exploration 
permitting movement. Even the in- 
troduction of a thin cotton glove 
between the stimuli and the finger tips 
did, in some instances, facilitate 
identification. 


The stimuli were ranked according 
to per cent correct identifications. 
The cues used by Ss were found to be 
based primarily in touch, perception 
of form, kinesthesis, vibration, and 
sound. 

Accuracy of discrimination between 
textures was, in the majority of cases, 
significantly better than would be ex- 
pected by chance alone. 

It was deemed feasible to investi- 
gate the extent to which textured sur- 
faces, such as those used in the experi- 
ment, might be utilized in coding con- 
trol surfaces of levers, knobs, and 
push buttons on military and naval 
devices. 


(Received for priority publication 
August 28, 1952) 
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VISUAL FACTORS IN THE PERCEPTION OF VERTICALITY 


CECIL W. MANN 


Tulane University 


The judgment of verticality is a 
function of the joint action and inter- 
action of visual and proprioceptive 
stimulus variables. Under conditions 
of visibility the intact organism makes 
use of the vertical and horizontal 
visual framework of the world about 
him in his judgments of the upright, 
and in the absence of visual stimula- 
tion can use his proprioceptive equip- 
ment to assume and maintain vertical 
posture. In some of his activities, 
man has to make perceptual judgments 
when visual and proprioceptive vari- 
ables are in conflict. This is true of 
the military pilot during and following 
unusual maneuvers in the air. 

The data of laboratory experiments 
on the judgment of visual and postural 
verticality have been variously inter- 
preted in favor of the dominance either 
of the visual or the proprioceptive 
variables. Gibson (3) has recently 
suggested a resolution of this problem 
in terms of the interaction of visual 
and proprioceptive stimulation. When 
the main lines of the retinal image are 
parallel to the direction of the force 
of gravity, the visual-proprioceptive 
stimulus variables are consistent. 
When these directions are not physi- 
cally parallel, the situation is one of 
conflicting or discrepant variables. 
This condition may be produced by 
rotating the visual image either by 
optical or mechanical means or by 


1 This report is one of a series of investigations 
conducted jointly with the U. S. Naval School of 
Aviation Medicine under Contract N7-onr-434, 
T. 0.1, with the Office of Naval Research in co- 
operation with the Bureau of Medicine and 
Surgery and the Tulane University of Louisiana. 
Thanks are due Mr. Paul E. Thetford for his 
assistance in collecting the data of this experi- 
ment, 


adding a centrifugal component to 
that of gravity. He points out that 
discrepant conditions are not produced 
merely by lateral tilting of the body; 
in this situation the direction of grav- 
ity has not been altered, albeit it 
passes through the body at an unusual 
angle. 


The theory which emerges from these con- 
siderations is something like this. In the 
case of reciprocal visual-proprioceptive 
stimulation, the coupled variables combine 
to form an invariant resultant which is in 
correspondence with the objective direction 
of gravity and which provides the stimulus 
for a univocal impression of the vertical. 
This is why the ordinary visual scene con- 
tinues to look upright when one inclines his 
head and thereby rotates his retinal image. 
In the case of discrepant visual-propriocep- 
tive stimulation, or conflicting cues, the 
coupled variables do not yield a resultant. 
Their values do nét correspond in the usual 
fashion, and the resulting perception is 
ambiguous or equivocal. The subject is 
instigated to perceive two different verticals 
at the same time. The organism is forced 
to choose between them (3, p. 79). 


Passey (5) and Passey and Ray (6) 
found that subjects tilted laterally at 
inclinations up to 20° in right and left 
quadrants, and required to set a visual 
target to the visual .vertical made 
mean constant errors which ranged 
from 3.6° at 5° body tilt to 4.6° at 
20° body tilt. In their experiments, 
the equipment consisted of the Navy 
tilting room. The chair in which S 
was seated and the room (which could 
be tilted independently of the chair) 
were inclined laterally at preset con- 
ditions, and S, remaining in the tilted 
position, was required to bring the 
room to the true vertical. It will be 
noted that these conditions do not 
satisfy a test of Gibson’s theory. 
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PERCEPTION OF VERTICALITY 


When S opens his eyes, he may be 
faced with a discrepant condition, i.e., 
the visual framework (room) is tilted 
and not parallel to the direction of 
gravity. When, however, he com- 
mences to bring the room towards the 
gravitational vertical, the discrepancy 
is reduced, and when the room is at the 
gravitational vertical, the condition is 
one of consistency. In order to test 
Gibson’s hypothesis, it is necessary to 
have S place the visual target in align- 
ment with the gravitational vertical 
while he remains in the preset con- 
sistent or discrepant condition. This 
can be done by introducing a visual 
target against a tiltable visual frame- 
work as background. 

In a recent experiment, Boring (2) 
set up these conditions in the Tulane 
tilting chair. In the absence of visual 
stimulation, S was required to set a 
luminescent target-rod to the gravi- 
tational vertical against visual frame- 
works consisting of (a) a luminescent 
straight line 14 in. in length and (0) a 
window pattern, 14 X12 in. The 
tilt of S’s body and the tilt of the 
visual framework were maintained 
while he made his judgments of the 
vertical. Boring obtained mean aver- 
age errors and mean constant errors 
of the same order as those found by 
Passey, and by Passey and Ray. 
There were no differences between the 
errors made under consistent and 
under discrepant conditions. It was 
suggested in this report that the visual 
frameworks used did not produce 
visual stimulation strong enough to 
conflict with the proprioceptive stim- 
ulation, and that therefore the visual 
stimulus was ignored by S in making 
his judgments. 

In this connection, it should be 
pointed out that there may be con- 
flict between visual variables as well 
as between visual and proprioceptive 
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variables. For instance, an upright 
telephone pole seen against a steep 
hillside may appear tilted in the oppo- 
site direction. The main visual lines 
are the direction of the hillside slope. 
Under this strong visual framework, 
it is the tilt of the pole rather than 
that of the hillside that is affected. 
This recalls Wertheimer’s experiment 
(7) in which he had Ss look through a 
tube at a mirror image of a room in- 
clined so that the verticals and hori- 
zontals were tilted at 45°. He reports 
that at first the room appeared tilted, 
but eventually the tilt disappeared 
and the room appeared upright. Re- 
porting a similar experiment, Asch and 
Witkin (1) state that “‘an appreciable 
number of subjects accepted the tilted 
scene as completely upright or as 
almost completely upright.” Gibson 
and Mowrer (4) repeated the experi- 
ment and report that following the 
observation of the tilted room for a 
minute or two the room appeared more 
“natural” but still remained tilted 
throughout the observation. In com- 
menting on their results, they empha- 
size the point that the illusion of up- 
rightness was maintained only when 
S was able to project himself into the 
mirror image, and conclude that 
Wertheimer was reporting a cognitive 
process—the decrease in the strange- 
ness and unreality of the mirror image. 

In order to supplement Boring’s 
experiment, it appears necessary to 
increase the strength of the visual 
stimulus at least to the point at which 
S is able to identify himself with the 
visual framework. Only then will 
there be real conflict between the 
visual and the proprioceptive vari- 
ables. When conflict does occur, one 
would predict greater errors for dis- 
crepant than for consistent conditions, 
and errors for consistent conditions no 
greater than those made under normal 
conditions of observations. 








PROCEDURE 


In this experiment the visual framework con- 
sisted of the Navy tilting room. Consistent and 
discrepant conditions were imposed by suitable 
preset conditions of the tilting room and tilting 
chair, and S was required to set a visual target- 
rod to the direction of the gravitational vertical 
while maintaining the preset consistent or dis- 
crepant condition. The Navy tilting room, 
described elsewhere (5), was modified to pro- 
vide a visual target-rod at a distance of 5 ft. at 
S’s eye level, and 1 ft. from the rear wall of the 
tilting room. The target consisted of a selsyn- 
controlled rod, 1 in. wide and 30 in. in length, 
adjustable by S in the chair or by £ in the control 
room. ‘The room and the chair were adjustable 
by £ to the nearest degree, the target-rod was 
adjustable to an accuracy of .04°. This was 
possible by the inclusion of a suitable gear-train 
between the target-rod and the recording device. 
The S was requested to close his eyes during the 
adjustment of the inclinations of the equipment, 
which was at all times well illuminated. The 
room adjustments were 30°L, 10°L, 0°, 10°R, and 
30°R; the chair adjustments were 30°L, 0°, and 
10°R. This made a total of 15 conditions pre- 
sented to S in random order. The target-rod 
was set an equal number of times to 10°L and 
10°R of the true gravitational vertical, arranged 
in random order. Each of the nine Ss made 18 
judgments under each condition; the judgments 
were spread over six sessions each of 45 trials for 
each S. 

Nine male Ss between ages 18 and 20 yr. were 
used. They were without previous experience 
in this type of experiment or equipment. On 
entering the test room, S was given the oppor- 
tunity of watching the independent tilting move- 
ments of the room, the chair, and the target-rod. 
He was instructed that his problem was to adjust 
the target-rod to the direction of the gravita- 
tional vertical while the chair or the room were 
in preset positions. The direction of gravita- 
tional force was described as being parallel to the 
walls of the laboratory or at right angles to the 
floor of the hangar in which the tilt chair was 
located. At the beginning of each session, 
emphasis was placed upon the nature of the 
problem, and the meaning of vertical in terms of 
the walls and floor of the hangar. 

This experiment was designed to test Gibson’s 
hypothesis of consistent and discrepant vari- 
ables. There are other problems which could be 
investigated in this arrangement. Under certain 
conditions of room and chair tilt, S will have a 
conflict of verticals from which to choose. He 
may feel his body tilted and attempt to make an 
adjustment of the target-rod to compensate for 
this amount of tilt; he may regard the tilted 
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TABLE 1 


Mean Constant Errors IN THE JUDGMENT OF 
THE VERTICAL UNDER CONSISTENT AND 
DiscrEPANT ViIsUAL—-PROPRIOCEPTIVE 
Stimu.tus ConpiTIons 








Con- 


clstent Discrepant 


Discrepant 
Chair 


Position 





Room | Room | Room | Room | Room 
30°L 10°L 0° 10°R 30°R 


30°L | 2.58L | 4.22L | 0.45R | 6.90R} 16.35R 
0° 9.61L | 1.59L | 0.08R | 4.04R) 11.71R 
10°R | 13.69L | 1.29L | 0.88L | 2.91R} 11.93R 























room as vertical and believe that E wishes him 
to align the target-rod to the direction of the 
walls of the titled room; or he may try to adjust 
the target-rod to the direction of the walls of the 
laboratory. Were the problem one of investigat- 
ing what and how people choose under a conflict 
of conditions, it is possible that naive Ss would 
serve the purpose. Since, however, the study 
was concerned with the judgment of the gravi- 
tational vertical, it seemed desirable that each S 
be instructed and practiced in the selected cri- 
terion of the investigation. 


RESULTS 


The mean constant errors and mean 
average errors in the setting of the 
target-rod to the gravitational vertical 
are shown in Table 1 and Table 2, 
respectively. The means in each cell 
in each table are based upon 18 judg- 
ments for each of nine Ss, a total of 
162 judgments in each condition. The 
mean average errors made with the 


TABLE 2 


Mean AveraGe Errors IN THE JUDGMENT OF 
THE VERTICAL UNDER CONSISTENT AND 
DiscrepANT VISUAL—-PROPRIOCEPTIVE 
Stimutus ConpDITIONS 








Con- 


sistent Discrepant 


Discrepant 
Chair 


Position 





Room | Room | Room | Room | Room 
30°L 10°L o° 10°R 30°R 


30°L | 17.39 | 7.50 | 3.08 | 8.86 | 18.21 
0° 12.27 | 4.95 | 0.72 | 5.37 | 13.74 
10°R | 15.32 | 6.90 | 1.75 | 5.63 | 14.50 
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room tilted at 10°L and 10°R are sig- 
nificantly different at the .10 level 
from those made with room at 0°; 
those made at 30° inclinations are 
significantly different at the .01 level. 
The mean constant errors show a 
trend towards significance at 10° room 
tilts; and the errors at 30° tilts are 
significant. It is to be noted that the 
mean constant errors are predomi- 
nantly in the direction of room tilt. 
The mean constant error of 2.58°L 
for the cell in which the chair is 30°L 
and the room is 30°L is difficult to 
explain. This value is strongly influ- 
enced by the results of one S whose 
constant error in this cell only was 
strongly to the right instead of to the 
left as would be expected. All his 
other judgments were predominantly 
in the direction of room tilt. There 
is no justification for the omission of 
his results, but if this were done, the 
mean constant error for the group 
would be 12.84°L, a mean constant 
error more in keeping with the mean 
average error, and with the rest of the 
mean constant errors in the table. 


Discussion 


The results of this experiment are 
far more decisive than those obtained in 
the experiment of Boring. Under con- 
sistent conditions—with visual frame- 
works upright and subject tilted at 
either 30°L or 10°R—the mean errors 
are not significantly greater than those 
made by the subject seated in an up- 
right position. These results are in 
accord with Gibson’s suggestion that 
the tilt of the visual field produced by 
body tilt will be compensated by the 
corresponding stimulation of the stato- 
cysts to produce an invariant resultant. 

The prediction that greatest errors 
would occur under discrepant condi- 
tions is supported by the results. 
Even when the body is upright, the 
30°L and 30°R inclinations of the 


visual framework produce significant 
errors in judgment in the direction of 
the visual tilt. The largest errors 
occur when the visual framework is 
inclined at an angle of 30°. It should 
also be noted that the magnitude of 
the error of judgment, in every case, 
is far less than the angle of inclination 
of the visual framework. Even under 
such strongly conflicting conditions, 
the judgment is the resultant of inter- 
action of visual and proprioceptive 
variables. 

These results seem to add weight to 
Boring’s suggestion that discrepant 
conditions will not be effective in influ- 
encing the judgment until the subject 
can identify himself with the visual 
framework. This identification does 
not take place apparently when the 
framework is a short straight line or a 
simple window pattern of the size 
used by Boring. In his experiment 
the conflicting elements were the rela- 
tively weak visual framework and the 
relatively strong proprioceptive stim- 
ulation, and judgments were made 
predominantly in terms of the latter. 

The present experimental results 
combined with those of Boring would 
appear to make necessary a modifica- 
tion of Gibson’s hypothesis. Basi- 
cally, there is agreement with the 
proposal that under consistent condi- 
ditions, there is compensatory visual- 
proprioceptive interaction, and with 
the prediction that consistent condi- 
tions will produce small errors in the 
judgment of the vertical. The state- 
ment of the quality of the judgments 
under discrepant conditions needs 
modification in terms of the effective 
value of the visual stimulation. When 
the visual stimulation is increased to 
the point at which the subject can 
identify himself with the visual frame- 
work, there is conflict between the 
visual stimulation produced by the 
framework and the proprioceptive 
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stimulation produced by gravitational 
force acting on the statocysts. The 
subject then has two verticals to deal 
with: one produced by his identifica- 
tion with the visual framework, the 
other by the gravitational forces acting 
on his body. Under this condition, 
and depending upon the relative 
strengths of the conflicting forces, the 
judgments may be compromised. 


SUMMARY 


1. The experiment was designed to 
test the hypothesis stated by Gibson 
to the effect that the error in the per- 
ception of the vertical under consistent 
visual-proprioceptive stimulation will 
be less than that made under dis- 
crepant conditions. Consistent vis- 
ual-proprioceptive conditions occur 
when the vertical lines of the retinal 
field are parallel to the direction of the 
gravitational vertical; discrepant con- 
ditions are produced when these direc- 
tions are not parallel. 

2. Nine Ss were tested in 15 experi- 
mental conditions of room and body 
tilt. In each condition S was required 
to set a target-rod in alignment with 
the gravitational vertical. 

3. An analysis of the average and 
constant errors gives support to 
Gibson’s hypothesis. 

4. Comparing the results of this 
experiment with those of a previous 
experiment by Boring, one concludes 
that when visual stimulation is in- 
creased to the point at which S can 
identify himself with the visual frame- 
work, there is conflict between the 
visual stimulation produced by the 
framework and the proprioceptive 
stimulation produced by the gravi- 
tational force acting on the statocysts. 


5. The hypothesis offered by Gib- 
son needs a qualifying statement to 
the effect that in the judgment of the 
vertical reliance will be placed upon 
the proprioceptive stimulus variables 
until the visual factors in the visual- 
proprioceptive variables become suffi- 
ciently effective to offer conflict with 
the proprioceptive variables. When 
this happens, a compromise judgment 
will be made, the judgment lying 
somewhere between the inclination of 
the visual field and the gravitational 
vertical. 


(Received for priority publication 
August 28, 1952) 
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ERRATUM 


CLYDE E. NOBLE 
Perceptual and Motor Skills Research Laboratory, Human Resources Research Center 


In my recent paper, “The Role of 
Stimulus Meaning (m) in Serial Verbal 
Learning” (J. exp. Psychol., 1952, 43, 
437-446) a decimal-placing error has 
been detected in the within-cells o? 
estimate of Table 2. The F ratios for 
column (m) and row (rest-nonrest) 
differences should read 3.67 and 5.23, 
respectively, with p < .05 in each 
case. With this correction, retention 
just following the 7/12 criterion is 


shown to increase significantly with 
increasing m-value, while the color- 
naming “rest”’ period results in signifi- 
cant forgetting: .86o0fanitem. Inter- 
pretations on pages 442 and 445 should 
be altered appropriately. Thus freed 
of error, the analysis indicates an even 
stronger case for the absence of 
reminiscence under these conditions. 


(Received September 22, 1952) 
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